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CHAPTER 1
INTRODUCTION
Surprising as it may seem, I will attribute the onset of the Ice Age - 
and hence the origin of the human genus - to a regional geological 
event that, but for these major sequelae, would seem trivial when 
viewed in a global perspective. This event was the uplifting of a 
narrow bridge of land between two continents far across the ocean 
from the African birthplace o f Homo.
- Steven M. Stanley, Children o f the Ice Age
The emergence of the Central American Isthmus presents an ongoing real- 
world experiment to which we are privy: the separation of once continuous bodies of 
waters and the connection of once separate masses of land. Consideration of the 
ecological, evolutionary, oceanographic and climatic consequences of the emergence 
of the narrow land bridge that today connects the North and South American 
continents has been studied and debated since the middle of the Nineteenth Century. 
Today, research ranges from regional consequences o f the emergence, such as the 
reciprocal terrestrial animal migration across the Isthmus and the genetic evidence of 
separation among marine species now living in two separate oceanic bodies, to 
world-wide consequences of the emergence, such as the onset of the Ice Ages and the 
dramatic effects on the evolution of Northern Hemisphere climate and oceanography.
Ostracodes are small, mostly aquatic, crustaceans ranging in size from less 
than a millimeter to as large as a few centimeters. They possess a bivalve carapace 
hinged along the dorsal margin that encloses their appendages and body. The 
calcareous valves may be smooth or ornamented. Ostracodes grow by ecdysis
l
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(molting), with the number of instars (molt stages) varying between about six to nine 
or eleven, depending upon the group. They inhabit a broad range of water salinity 
and depth, and are free-swimming, benthic or phytal in habit. Some species have 
been found living in such unusual environments as water contained in bromeliad 
cups of the tropical forests and in interstitial spaces of deep aquifers. Because 
individual species are have adapted to specific niches, they are excellent indicators of 
the environments in which they now live and have lived in the past. Also, they are 
the only Cenozoic metazoan that can be collected in the same close-spaced 
stratigraphic detail as protists, such as foraminifers. Therefore, ostracodes offer a 
quite different biological perspective to environmental and stratigraphic research 
questions.
The Limon Basin stands out in two important ways (Figs. 1.1.1,1.1.2). First, 
this tropical locale contains sediments that were deposited during the later stages of 
emergence of the Central American Isthmus, which is coincident with the onset of 
the ice ages of the northern hemisphere during the late Pliocene. Secondly, it 
contains a well-preserved fossil record. Many groups of fossils have been carefully 
studied from the Limon Basin, including benthic foraminifera (Cassell, 1986; Cassell 
and Sen Gupta 1989a, 1989b), ahermatypic corals (Budd et al., 1996), mollusks 
(Jackson et al., 1993; Jackson et al., 1996) and bryozoans (Cheetham and Jackson, 
1996). Ostracodes are also preserved in the formations that make up the Limon 
Group and are what this study is based on.
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Figure 1.1.1. Aerial view of the Limon promontory (black arrow), which lies on 
the Caribbean coast of Costa Rica. Trace of Rio Banano River (white arrow).
See Figure 1.1.2 for location. Taken by P. F. Bome, 1995.__________________
ATLANTIC
OCEAN
c>
C A R I B B E A N  S E A
PACIF IC
OCEAN
Limdn
Figure 1.1.2. Location map of the Limon Basin.
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1.1 G o a l s  a n d  O b je c t iv e s
The paleoenvironmental history of the Limon Basin (Caribbean Coast, Costa Rica) 
documents the emergence of the Central American Isthmus (from about 22-3  Ma), 
through the onset of major northern hemisphere glaciation (~2.4 Ma) and into the 
early Pleistocene (about 1.0 Ma). During this period, the western Caribbean Sea 
underwent profound oceanographic changes as oceanic currents were redirected 
northward and deposition shifted from a siliciclastic to a mixed carbonate-siliciclastic 
depositional regime. The closure of the Central American Isthmus (CAI) also 
resulting in sweeping effects on Northern Hemisphere oceanography and 
climatology.
The principal goals o f this study are: (a) to document the ostracode 
assemblages of the Limon Basin o f Costa Rica, (b) to describe the 
paleoenvironmental history o f the Limon Basin in the Western Caribbean during the 
late Pliocene and early Pleistocene (3 to 1 Ma), (c) to develop an ostracode 
biostratigraphic correlation model within the Western Caribbean geographic area, (d) 
to determine the effect of the closure of the Central American Isthmus on Western 
Caribbean oceanography, and (e) to determine the effect of Northern Hemisphere 
glaciation occurring at 2.4 Ma on the tropical climate and shallow marine faunas of 
the western Caribbean.
The significance of this study is that it provides basic information about 
paleoenvironmental conditions and changes in the tropics during the late Pliocene 
climatic transition. There are many ideas regarding the effects of the closure of the
4
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CAI on thermohaline circulation in the North Atlantic, vertebrate exchange across the 
Isthmus, and subsequent climate changes in North America, Europe and Africa. But, 
there is still little agreement on how the tropics responded to the onset of the ice ages. 
Did the tropics cool? If so, how much? What is the evidence? Climate modelers 
need baseline paleoenvironmental information like that contained in the Limon Basin 
sediments in order to set better boundary conditions for their models.
1.2 P l io c e n e  s e t t in g
Central American Isthmus emergence. The emergence of the Central 
American Isthmus (CAI; also known as the Isthmus of Panama) during the late 
Pliocene had significant biotic (marine and terrestrial) and paleoceanographic effects. 
The closure of the CAI allowed for the interchange of North and South American 
terrestrial floras and faunas, and at the same time isolated Pacific and Caribbean 
marine realms. Prior to the middle Miocene, the seaway that connected the 
Caribbean and Pacific Basins allowed the passage of a circum-equatorial current that 
flowed from east to west through the still open Tethys Seaway (Fig. 1.2.1). Duque- 
Caro (1990) postulates that a sill (~ 1000 m water depth) formed during the middle 
Miocene (12.9-11.8 Ma). Shortly thereafter, an intensification of the cool marginal 
California Current created a circulation barrier between the Atlantic and Pacific 
Oceans (11 .8-7.0 Ma). Surface water circulation between oceans returned by the 
latest Miocene (7.0-6.3 Ma) and was followed by rapid shallowing to neritic depths 
of the marginal basins in South America and the Panama Arc (6.3-3.7 Ma).
McDougall (1996) suggests that the flow o f North Atlantic Deep Water may have
5
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F ig u re  1.2.1. Proposed history o f  Ihc Central American Isthmus emergence. From Duque-Caro, 1990.
continued across the rising sill between the Caribbean and Pacific until as late as 5.6 
Ma at which time benthic foraminiferal faunas indicate a shift to lower bottom-water 
temperatures in the eastern Pacific. Final closure and onset of terrestrial interchange 
between the two continents occurred sometime between 3.6 - 2.5 Ma (Webb, 1985; 
Webb and Taney, 1996). Planktic foraminifera from DSDP Site 502 show 
enrichment in 1 values (attributed to increasing salinities in the Caribbean Basin) 
beginning about 4 Ma, which suggests restriction of surface water flow between the 
Caribbean and Pacific due to the uplifting of the CAI and that modem circulation 
patterns in the Caribbean and eastern Pacific were developed by 3 Ma (Keigwin, 
1982). Studies of the changes in coiling direction of the planktonic foraminifera 
Pulleniatina indicate that the tropical marine connection across the CAI was severed 
sometime between 3.5 Ma (Saito, 1976) - 3.1 Ma (Keigwin, 1978). Cronin and 
Dowsett (1996) conclude that the CAI actually went through a series of closures (3.5-
3.1 Ma and 2.8-2.4 Ma) before final closure took place around 2.0 Ma. The closure 
o f the oceanic gateway that had been open since the Mesozoic allowed terrestrial 
floras and faunas to migrate between North and South America (Hooghiemstra, 1994; 
Stehli and Webb, 1985). Based on the terrestrial faunal record, the dispersal of 
mammals across the newly emergent land bridge began around 2.92 Ma (Marshall, 
1988). Work by Knowlton et al. (1993) on species of snapping shrimps shows that 
Pacific and Atlantic populations did not become separated at the same time: a few 
species pairs diverged much further back in time than others, indicating separation as 
long ago as 12.5 Ma, with the other species pairs diverged as recently as 3.0 Ma. All
7
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evidence indicates that the emergence of the CAI occurred over several million years, 
with partial to full diversion of ocean currents occurring from 12.5 Ma until complete 
emergence around 3.0 Ma (Duque-Caro, 1990; Coates and Obando, 1996).
Effect of CAI emergence on Northern Hemisphere oceanography and 
climate. The emergence of the CAI also had important effects on Northern 
Hemisphere oceanography and climate. Between about 4 and 2.5 Ma, warm climates 
existed in many regions of the Northern Hemisphere: the Arctic Ocean was 
seasonally ice free (Cronin et al., 1993), faunal provinces of the coastal plain of the 
eastern United States were displaced poleward (Hazel, 1971; Hazel, 1988; Cronin 
and Dowsett, 1990; Krantz, 1990); sea surface temperatures were warmer, especially 
at the poles (Dowsett and Poore, 1991); the sea stood more than 25 m higher than 
today (Blackwelder, 1981; Dowsett and Cronin, 1990). Berggren (1972) and 
Berggren and Hollister (1974) propose that a major restructuring o f North Atlantic 
waters occurred as the warm, saline Atlantic North Equatorial Current, which had 
been flowing from the Caribbean into the Pacific, was redirected to the north by the 
emerging CAI. Keigwin (1982) postulates that as the CAI emerged, surface water 
exchange was restricted between the Caribbean Sea and Pacific Ocean, resulting in 
an increase in Caribbean surface salinities and an intensification o f the Gulf Stream 
Current. The intensification of the Gulf Stream Current began in the latest Miocene 
(coincident with the beginning of uplift of the CAI, 12.0 Ma) and culminated about 
3.8 Ma with the gradual emergence of the CAI (Kaneps, 1979). Also attributed to the 
closure of the CAI are changes in the intensity and location of the Loop Current
8
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between 3.7 and 3.0 Ma, which resulted in aperiodic fluctuations in the 
carbonate/clay ratio and highly variable sediment accumulation rates along West 
Florida shelf (Roof et al., 1991). Cores recovered from the Blake Plateau (located off 
Cape Canaveral, Florida) show increasing sediment starvation and sorting and 
increasing ocean surface temperatures beginning around 5.7 Ma. Emiliani et al. 
(1972) suggest these characteristics are due to the acceleration of the Gulf Loop 
Current.
Pliocene warmth (~3.0 Ma) due to increased poleward oceanic heat transport 
has been attributed (at least in part) to the emergence of the CAI (Maier-Reimer et 
al., 1990; Dowsett and Poore, 1991; Dowsett et al., 1992; Cronin et al., 1993; Willard 
et al., 1993). Beginning around 3.1 Ma, the Northern Hemisphere climate began to 
cool substantially, leading to the gradual accumulation of larger ice sheets over 
extensive areas of North America and Eurasia (Shackleton and Opdyke, 1977; 
Backman and Pestiaux, 1986; Keigwin, 1986; Raymo et al., 1986). These glacial 
events led to the first major episode of ice-rafting in the North Atlantic as seen in 
North Atlantic (DSDP Site 552A) at around 2.4 Ma and a major change in the 
character of the glaciations occurred at this time (Shackleton et al., 1984; Raymo et 
al., 1986). These ice sheets grew to be one fourth to one half as large as those of the 
late Pleistocene (Raymo et al., 1989). Further work by Sikes et al. (1991) has shown 
that the onset of major Northern Hemisphere glaciation was actually a series of 
glacial maximas (occurring at 2.39, 2.35 and 2.31 Ma) in which a 40 kyr periodicity 
is evident, with the ice sheets associated with these periodic events reaching one half
9
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to two-thirds as large as those of the latest Quaternary glaciation. These glacial 
events are also reflected in oxygen isotopes of Ocean Drilling Program Hole 625B in 
the Northeastern Gulf of Mexico, which suggests that "the onset of glacial conditions 
occurred within a series of gradual enrichments between 3.85-3.50 Ma and 1.5-0.5 
Ma with abrupt shifts at 3.12 and 2.50 Ma" (Jones et al., 1990).
Biotic effects of the closure of the Central American Isthmus. The effects 
of the emergence of the CAI, and the resulting cooling, have been linked to profound 
changes in the Northern Hemisphere. This event has been suggested as the "driving 
force" of a multitude of faunal originations and extinctions, both terrestrial and 
aquatic. For example, the "Ice Age", which brought progressively cooler and drier 
climatic conditions to Africa (Leroy and Dupont, 1994), has been linked to the 
evolution of Homo from Australopithecus on the grassy savannas of Africa at about
2.5 Ma (Stanley, 1996). Linked to the effects of the emergence of the CAI are faunal 
turnovers in a number of marine fossil groups in the Atlantic and Caribbean. The 
tempo and timing of these turnovers varied within and among taxa. For example, the 
late Pliocene (about 2.0 Ma) was a time of high extinction and high origination for 
molluscan faunas of the southeastern United States Atlantic coast and the Caribbean 
(Stanley and Campbell, 1981; Stanley, 1986; Allmon et al., 1993; Jackson et al.,
1993; Petuch, 1995; Allmon et al., 1996). Turnovers in the molluscan faunas have 
been related to changes in productivity (Allmon, 1993; Allmon et al. 1993; Allmon et 
al., 1996), to refrigeration during glacial intervals (Stanley, 1986), and to changes in 
sea level (Blackwelder, 1981; Cronin, 1981; Dowsett and Cronin, 1990). The late
10
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Pliocene saw eleven coral genera become extinct and only one new coral genus 
appear. Species-level coral taxa saw many new originations during the late Pliocene 
(Budd et al., 1996), as did carbonate-associated benthic foraminifera (Collins et al., 
1996). The timing of these turnover events for mollusks differs in different parts of 
the tropical western Atlantic and Caribbean (Allmon et al., 1996; Jackson et al., 
1996). Seemingly selective extinctions of taxa associated with subtidal seagrass beds 
versus those from other nearshore habitats have also been documented in the 
Caribbean (Budd et al., 1996; Cheetham and Jackson, 1996).
The biogeographic effects of the rising isthmus on the Caribbean and eastern 
Pacific faunas is also the subject of extensive research. These research efforts have 
centered on phyla with good fossil records, as is the case for ostracodes (Bold, 1946- 
1988), mollusks (Woodring, 1966; Petuch, 1982), and corals (Dana, 1975).
Tropical temperature change: glacial to interglacial. Because of the 
interest in predicting future climate change, research has centered on understanding 
the changes in the equator to pole temperature gradient during the climatic transition 
from interglacial to glacial periods. The magnitude of the temperature change in the 
tropics provides a sensitivity gauge to past and future climate change, and an 
important test for climatic models constructed to predict future climate (Anderson 
and Webb, 1994). Until relatively recently, the tropics were considered mostly as 
climatically "stable" regions during glacial epochs. However, increasing evidence 
has shown that the tropics, like the climates o f the mid- and high-latitudes, were also 
affected by important climatic fluctuations during the glacial epochs. These
11
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fluctuations in the tropics were not characterized by glacial advances comparable to 
those of higher latitudes, but rather by small, but important, drops in temperature and 
by changes in rainfall. The Climate Long-range Investigation and Mapping Program 
(CLIMAP) produced a reconstruction of global sea surface temperatures during the 
Last Glacial Maxima when continental glaciers reached their maximum extent at 
approximately 18,000 B.P. The results indicated a change of less than 2° C for sea 
surface temperatures o f the Gulf of Mexico, Caribbean Sea and western equatorial 
Atlantic (CLIMAP Project Members, 1976). Since this study, other temperature 
proxies have proposed that the tropical sea surface actually experienced a cooling on 
the order of 4-7° C, while still other studies suggest there was little to no appreciable 
temperature change (Table 1.2.1).
Table 1.2.1. Summary of marine evidence of tropical sea surface temperature (SST) 
differences (in ° C) between the Last Major Glaciation (18 kya) and present tropical 
temperatures (after Anderson and Webb, 1994).
Method Change in SST Uncertainty Reference
Coral Sr/Ca -5 ±0.5 Guilderson et al., 1994
Coral 81^0 -5 ±0.5 Guilderson et al., 1994
CLIMAP -2 ± 1.5 CLIMAP, 1976
Planktic foraminifera -2 to -3 n/a Prell and Hays, 1976;
factor analysis Prell et al., 1976
Foraminifera 81% 0 -2 ± 1 Sikes and Keigwin, 1994
Modem analog technique -3.8 n/a Sikes and Keigwin, 1994
(foraminifera) -5 n/a Hecht, 1973
Algae alkenones -1.3 to -1.8 ±0.5 Sikes and Keigwin, 1994
Tropical terrestrial data suggest glacial temperature drops on the order of 4 - 
8° C (Table 1.2.2), In Costa Rica, high elevation (400-2300m) sites o f glacial age 
yield pollen data suggestive of 8° C temperature depression (Hooghiemstra et al.,
12
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1992). Analysis of noble gases in ground water of lowland Brazil indicates that the 
climate was 5.4° (± 0.6°) C cooler during the Last Glacial Maxima (Stute et al.,
1995). None of the mountains in Panama were high enough to support alpine 
glaciers during the Pleistocene, but alpine taxa descended in Panama just as they did 
in Ecuador, indicating a cooling in the order of 6 ° C (Colinvaux, 1996). The oxygen 
isotope record of late Pleistocene calcareous sediments from a karst lake in 
Guatemala suggests an 8 ° C temperature depression (Leyden et al., 1993).
Similar work on temperature change for the Pliocene has also been 
conducted. For instance, estimates based on planktic foraminiferal faunas from deep 
sea cores suggest sea surface temperatures of up to +9.7° C in the North Atlantic, 
decreasing equatorward to less than +1° C at tropical sites (Chandler et al., 1992). 
Tropical Atlantic sites indicate surface sea temperatures little different from present 
(Dowsett and Poore, 1991).
Table 1.2.2. Summary of terrestrial evidence (pollen temperature and snow line 
depression) for lowered temperatures between the Last Major Glaciation (18 kya) 
and present tropical temperatures.__________________________________________
Location Change in surface air T Reference
Panama -4 to -6 (lowlands) Colinvaux, 1989, 1996
Northern Andes -6 to -7 (highlands) Van der Hammen, 1974
Columbia -10 (highlands) Flenley, 1979
Panama > -2.5 (lowlands) Bartlett and Barghoom, 1973
Burundi (east Africa) -4 (intermediate altitude) Bonnefille et al., 1990
Ecuador -7.5 Bushetal., 1990
1.3 P r e v io u s  O s t r a c o d e  I n v e s t ig a t io n s
Primarily because of its rich molluscan fauna, the Limon Basin has been the 
subject of numerous paleontologic and geologic studies for many years (Gabb, 1881;
13
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Olsson, 1922, 1972; Hoffstetter et al., 1960; Taylor, 1975; Weyl, 1980; Cassell,
1986; Cassell and Sen Gupta, 1989a, 1989b; Bottazzi et al., 1994, etc.). Geologic 
and paleontologic work in the Limon Basin has most recently been undertaken by an 
informal collaboration of scientists that began in the late 1980's and continues today. 
This informal group is the Panama Paleontology Project (PPP) of the Smithsonian 
Tropical Research Institute (STRI), in Balboa, Panama. While many scientists are 
based at STRI, the PPP also involves scientists from other institutions (United State 
Geological Survey, University of Iowa, Florida International University, Rosenthiel 
School of Marine and Atmospheric Science (University of Miami), University of 
Chicago, and Naturhistorisches Museum (Basel, Switzerland). This diverse group is 
conducting studies of many fossil groups, including ostracodes (of which this work is 
a part), corals (hermatypic and ahermatypic), bryozoans, mollusks, and benthic 
foraminifera, as well as efforts to refine the geology of the Limon Basin (Coates et 
al., 1992; Jackson et al., 1996).
Living ostracode assemblages. A relatively large body of literature has been 
published regarding the living ostracodes of the Caribbean and Gulf of Mexico 
(Table 1.3.1). The first publication on the ostracode assemblages from these areas 
was authored by G. S. Brady (1866) and featured ten ostracode species from the Gulf 
of Mexico and Caribbean, and was the first description of Ostracoda outside of 
European waters (Maddocks, 1974). Brady continued his work in the Caribbean and 
published several additional papers (1867, 1867-1871, 1880, 1911). Agrowing 
petroleum industry spurred modem micro fauna research in the 1950's, which was
14
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largely concerned with taxonomic and ecological distribution patterns of foraminifera 
and ostracodes in the Gulf of Mexico. A multitude of ecological investigations 
followed in the 1960's. By the late 1960's, the Gulf of Mexico was described as the 
one of the most intensively studied geographic areas of the world (Benson, 1966; 
Hulings, 1967; Maddocks, 1974). Unfortunately, this was not the case for the 
Caribbean (Benson, 1966). It was not until the mid- to late-1960's before Recent 
ostracodes began to be investigated and described (Table 1.3.1).
Fossil ostracode assemblages. Interest in fossil ostracodes of the Caribbean 
and Gulf of Mexico was driven primarily by their economic use in the petroleum 
industry (Maddocks, 1974). To this end, a number of comprehensive studies by and 
under the direction of H. V. Howe during the 1930-1960's documented the 
Cretaceous and Cenozoic ostracode assemblages of the Gulf coast. Because of 
increased interest in stratigraphic petroleum traps and the lack of ecological 
understanding of modem ostracode habitats by which the fossil assemblages might be 
interpreted, a number of ecological studies in modem coastal environments and the 
open Gulf were funded by the petroleum industry in the 1950's and 1960's. In the 
meantime, the Caribbean fossil assemblages were the province o f W. van den Bold, 
who "single-handedly began to describe and interpret Paleogene and Neogene 
ostracodes of the Caribbean region, including the West Indies, Lesser Antilles,
Central America, Venezuela and Colombia, with the result that today some fossil 
Caribbean assemblages are better known than their living descendants" (Maddocks, 
1974; Table 1.3.1). While the taxonomic base for fossil ostracodes has been well
15
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established, basic ecological data are still sparse for most of the modem descendents 
of these species, making generalizations difficult regarding preferred habitats of 
fossil ostracode species.
Table 1.3.1. Selected Cenozoic ostracode taxonomic work from the Caribbean 
region. For a more complete bibliography, see Appendix C. __________
Period
Recent
Recent
Recent
Recent
Recent
Recent
Recent
Recent
Recent
Plio-Pleistocene
Neogene
Neogene 
Upper Miocene 
Neogene 
Miocene
Oligocene, Miocene 
Eocene -  Pliocene
Location
Belize
Columbia
(Caribbean coast)
Curaqao and Aruba 
Ecuador 
El Salvador 
Jamaica 
Panama
Puerto Rico
Venezuela
Limon Basin,
Costa Rica
Caribbean
(Cyprideidini)
S. Hispanola 
N. E. Colombia, 
Dominican Republic
Panama Canal region
Venezuela, NE
Upper Eocene- Middle Miocene Jamaica
Tertiary
Tertiary
Miocene
Upper Cretaceous - Tertiary 
Oligocene, Lower-Middle 
Miocene 
Late Neogene 
post-Eocene
Guatemala 
Puerto Rico 
Costa Rica 
Cuba
Caribbean
Reference
Teeter, 1975
Llano Garcia, 1978 (thesis)
Ramirez, 1980 (thesis)
Ramirez Castilla, 1983 (thesis)
Klie, 1933, 1939
Bate, Whittaker and Mayes, 1981
Hartmann. 1957, 1959
Komiker and King, 1965
Bold, 1965,1966b
Brady, 1867-71
Baker, 1965 (thesis)
Baker and Hulings, 1966 
Fithian, 1980 (thesis)
Kiej, 1954 
Bold 1978b 
Bome 1995;
Bome et al., 1994, 1996;
Bome et al., in press 
Bold, 1976
Bold, 1975a
Bold, 1966c
Bold, 1968
Bold, 1988b
Coryell and Fields, 1937
Bold, 1967b, 1972b
Bold, 1950, 1957, 1958, 1960, 1963b,
1964, 1966a, 1972a
Steineck, 1981
Bold, 1963a
Bold, 1965; 1969
Bold, 1967a
Lubimova & Sanchez-Arango, 1974; 
Bold, 1973
Bold, 1975b 
Bold, 1983
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1.4 M e t h o d s
Field work. The majority of the samples upon which this study is based were 
collected during the course of three trips to the Limon area by the author during July 
1993, February 1995, and June 1996. Samples reflecting collection dates in 1989 and 
1992 were collected by other members of the Smithsonian's PPP group and were 
made available to the author through their generosity. Samples collected in the field 
were given a field number, such as DP96-07-02, the digits reflecting (from left to 
right) the collector, the year, the locality and the sample number within the section 
(in accord with PPP sample protocol). In addition, localities were also given a 
mnemonic label.
The Panama Paleontology Project assigned "PPP numbers" when the samples 
and field information were accepted into their collections. Microfossil samples are 
reposited under these PPP numbers at the Smithsonian Institution's Museum of 
Natural History in Washington, D. C. Ostracode faunal slides are reposited with 
Thomas M. Cronin at the United States Geological Survey in Reston, Virginia. 
Specimens (hypotypes) featured in plates within this dissertation are reposited in the 
H. V. Howe Microfossil Museum at Louisiana State University. Detailed geologic 
information (i.e. stratigraphic, age estimate, latitude, longitude, and location) on 
specific samples can be found in the Bulletins of American Paleontology volume 
edited by Collins and Coates (in press).
The field party for all three trips to the field area included the author, Drs. A.
F. Budd (University of Iowa) and D. F. McNeill (University of Miami), as well as
17
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other scientists and field assistants who joined the trips as necessary. The goals for 
the trips were two-fold: 1) to document the distribution of coral and other fossil 
groups (such as ostracodes) in the Limon area, and 2) to collect microfossil and 
paleomagnetic samples to provide a tighter chronostratigraphic framework for the 
Rio Banano and Moin Formations.
Fresh outcrops were rare and often difficult to find in the Limon area, as the 
tropical climate of Costa Rica promotes rapid weathering and erosion. 
Reconnaissance of construction sites in and around the city often revealed the best 
outcrops. Fortunately, wide spread construction was underway in the port cities of 
Limon and Moin during the course of the field work and we were able to locate a 
large number o f fossil localities in this manner. Although several exposures were 
laterally extensive, they were seldom more than 3 - 10 m in height. In addition, many 
of the carbonates had been extensively recrystalized by groundwater, making the 
collection of microfossil samples challenging. At heavily recrystalized exposures, 
such as DP 96-09-01 (H & H Transported the outcrop was thoroughly searched for 
clay and/or silt/sand pockets that might yield micro fossils. Often the sediments 
sampled for microfossils in these heavily weathered outcrops were brown or orange 
in color, instead of the bright blue color that characterizes "fresh" sedimentary 
material from this region. Because the macrofossils (corals and mollusks) often 
showed signs of recrystalization and some dissolution, the brown or orange clastic 
matrix was not previously sampled for microfossil and thought to be barren for such 
fossils (L. C. Collins, 1993, personal communication). As it turned out, the brown or
18
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orange sediment was found to contain surprisingly large numbers o f  microfossils 
(benthic foraminifera and ostracodes) despite its weathered appearance.
Microfossil Processing. A total of 266 microfossil samples were collected 
by the author. Standard procedures for processing microfossils are applicable to 
ostracode sample preparation. Sediment was processed first by soaking 50 grams 
(dry weight) in water to which a small amount of sodium carbonate had been 
dissolved to enhance disaggregation. The sediment was then washed on a 63 micron 
sieve and dried. The dried residue was then passed through a series of sieves and the 
ostracodes in the greater than 150 micron fraction were picked using a binocular 
microscope. Specimens were placed on a 60 square micropaleontological slide, 
sorted and identified. All residue greater than 63 microns was retained for further 
analysis of other microfossils. This material (all residue greater than 63 microns) has 
been reposited in the Panama Paleontology Project collections. A total of 150 
samples were used for the paleoenvironmental interpretations in this dissertation (Rio 
Banano Formation, 55 samples; Quebrada Chocolate Formation, 41 samples, Moin 
Formation, 54 samples).
Taxonomic identification. Ostracodes have been identified to species-level 
where possible and to genus-level in most cases. Taxonomic identifications are 
based primarily on works by Bold (1988a) and Teeter (1975), and on comparisons 
with type specimens in the H. V. Howe Microfossil Collection at Louisiana State 
University. Also utilized were Cronin (1988), Fithian (1980), Hazel (1983), Benson 
and Coleman (1963), and many o f  Bold's earlier works (1946 - present).
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CHAPTER 2
GEOLOGIC SETTING AND STRATIGRAPHY 
OF THE LIMON BASIN
2.1 T e c t o n i c  S e t t i n g  o f  C o s t a  R ic a  a n d  t h e  L im o n  B a s in
Costa Rica is located on the trailing western margin o f the Caribbean tectonic 
plate, where the Cocos Plate is subducted in the middle America Trench (Fig. 2.1.1). 
This region consists of two large blocks, the Chorotega Block (on which Costa Rica 
and western Panama reside) and the Choco Block (on which eastern Panama and 
western portions of Columbia reside). During the Pliocene, the two blocks became 
detached from the Caribbean Plate to form what is known as the Costa Rica-Panama 
microplate (Coates and Obando, 1996). The northern margin of the microplate is 
defined by the North Panama Deformed Belt, which passes westward into the Costa 
Rica Transcurrent Fault System and eventually meets the Central American Trench 
south of the Nicoya Peninsula. The Costa Rica Transcurrent Fault System crosses 
the Caribbean coast of Costa Rica in the vicinity of Limon. Seismic events in this 
system are responsible for regional earthquakes, and have resulted in the folding and 
thrusting o f Plio-Pleistocene formations on the Caribbean side of the Talamanca 
Mountain range. The most recent seismic event, and biggest event in historical 
records, was the Limon April 22, 1991 Earthquake (Ms=7.6) (Montero, 1994). This 
quake caused tremendous destruction in the Limon area and southward, crumbling 
buildings, destroying paved roads and mining the local water system. Coral reefs
20
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fringing the northern coast of Limon promontory were uplifted as much as a meter 
and today lie exposed along this stretch of coast (Fig. 2.1.2). A large landslide also 
resulted from the earthquake killing people who were walking along a logging road 
that skirts the Rio Banano river 14 km south of Limon.
Figure 2.1.2. Photo of fringing reefs uplifted during the 1991 Limon seismic 
event. Fringing reefs are exposed about 1 meter above sea level._______________
The formation and emergence of the Central American Isthmus (CAI) has 
been underway for the last 15 million years. Prior to this, an archipelago of basaltic 
islands formed and subsided (Campanian to lower Paleocene) after which an island 
arc system developed (Paleocene to Eocene) (Fischer and Aguilar, 1994). During 
this time, a deep oceanic gateway, variously called the Bolivar Trough (Marshall et 
al., 1982; Stehli and Webb, 1985), the Central American Seaway (Duque-Caro, 
1990), or the Tropical American Seaway (Collins et al., 1996), separated the
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continents of North and South America and allowed the exchange of waters between 
the Caribbean Sea and the Pacific Ocean. This seaway was actually a part of the 
circumoceanic Tethyan Seaway and allowed passage o f deep circumequatorial 
circulation. Although opinions vary as to the details o f the emergence (Bandy, 1970; 
Cronin and Dowsett, 1996; Coates and Obando, 1996), the history of the emergence 
can be categorized into three stages based on physical, geophysical, and fossil 
observations:
1) first evidence o f change in oceanic circulation in early Miocene (Duque-Caro, 
1990; Keller and Barron, 1983; McDougall, 1985, 1996; Collins et al., 1996), 
possibly related to uplift of a sill;
2) shallow-water circulation changes during the Miocene and early Pliocene 
(McDougall, 1985; Savin and Douglas, 1985, Cronin and Dowsett, 1996; Coates and 
Obando, 1996; Collins et al., 1996);
3) final emergence of the Central American Isthmus in the late Pliocene (Emiliani et 
al, 1972; Kaneps, 1979; Coates and Obando, 1996).
Estimates for both the cessation of surface circulation between the Caribbean Sea and 
Pacific Ocean (Berggren and Hollister, 1974; Saito, 1976; Keigwin, 1978, 1982; 
Petuch, 1982; Woodring, 1978) as well as evidence from the 'great American 
interchange' of terrestrial faunas (Whitmore and Steward, 1965; Keast et al., 1972; 
Olsson, 1972; Marshall et al., 1982; Marshall, 1985; Jones and Hasson, 1985) agree 
that the final emergence took place during the late Pliocene, ranging from about 3.2- 
2.4 Ma (Table 2.1.1). Some evidence suggests that there was still a marine
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T a b le  2.1.1.
T im e  
e s t im a te  
1.8 M a  
2 .5 -2  4  M a  
b y  2 .5  M a  
2 8 -2 .6  M a 
la te  I’ l io c c n c
3 .0  M a
3 .0  M a
3 .0  M a
3 .0 -2 .2  M a
3 .1 -2 .8  M a
3.1 M a
3 .2  M a
3.2  M a
3 .5 -3 .0  M a
3 .5 - 3 .1 M a
3 .7 -3 .1  M a
Estimates of restriction and total emergence of Central American isthmus.
R e f e r e n c e  
K e lle r ,  e t a l., 1989  
M a rsh a ll,  1985 
W e b b , 1985 
M a rsh a ll,  1985 
F is c h e r  a n d  A g u ila r , 1994 
M a rsh a ll  e t a l., 1 9 79 , 1982 
K e ig w in , 1982 
K n o w lto n , 1993
G a r tn e r  e t a l., 1987 
C o a te s  a n d  O b a n d o , 1996  
T h o m p s o n  in K e ig w in  1982 
K e ig w in , 1982 
I lo d e l l  e t a l., 1985 
J o n e s  a n d  l la s s o n ,  1985 
S a ito ,  1976  
K e ig w in , 1978 
D u q u e -C a ro , 1990
L o c a t io n
I:. P a c if ic  a n d  C a r ib b e a n  
S o u th  A m e ric a  
N . a n d  S. A m e ric a  
N o r th  A m e ric a  
C o s ta  R ica  
N . a n d  S . A m e ric a  
A tla n tic  a n d  P a c if ic  O c e a n s  
P a n a m a
A tla n tic  a n d  P.. P a c if ic  
so u th e rn  C e n tra l  A m e ric a  
E . P a c if ic  O c e a n  
E. P a c if ic  O c e a n  
A tla n tic  O c e a n  ( o f f  B ra z il)  
C e n tra l A m e ric a  
A tla n tic  O c e a n
N W  S o u th  A m e ric a
E v id e n c e
c h a n g e s  in  p la n k tic  fo ra m  a s se m b la g e s  in  d e e p  se a  c o re s  
fo ss il p e c c a r ie s  /  h o rs e s  m ig ra te  so u th w a rd  fro m  N . A m e ric a  
v e r te b ra te  e x c h a n g e
m a m m a ls  a n d  a f l ig h tle s s  g ro u n d  b ird  m ig ra te  n o r th  f ro m  S. A m e ric a  
v e r te b ra te  e x c h a n g e
s te p p e d  c h a n g e  in c a rb o n  s ta b le  iso to p e s  in  d e e p  se a  c o re s
d iv e rg e n c e  e s tim a te s  b a s e d  o n  b e h a v io r ,  m e ta b o lic  e n z y m e s  a n d
m ito c h o n d r ia l  D N A  s e q u e n c e  p a irs  in  sn a p p in g  sh r im p s  (K n o w lto n )  a n d
se a  u rc h in s  (B e m tin g h a m  a n d  L cs s io s )
c a lc a re o u s  n a n n o fo s s i l  c e n s u s  d a ta  f ro m  d e e p  se a  c o re
s tra tig ra p h y  a n d  fo ss il sy n th e s is
d is a p p e a ra n c e  o f  Globorotalia exilis in  d e e p  se a  c o re s
d is a p p e a ra n c e  o f  Globorotalia pertenuis in  d e e p  s e a  c o re s
s ta b le  iso to p e s  sh if t  in b e n th ic  fo ra m in ife ra  in d e e p  se a  c o re s
m a r in e  in v e r te b ra te s
c h a n g e  in c o il in g  d ire c tio n  o f  Pulleniatina in  d e e p  s e a  c o re s  a t 3 .5  M a ; 
te m p o ra ry  d is a p p e a ra n c e  a t 3.1 M a
u p p e r  b o u n d a ry  o f  M u n g u id o  F o rm a tio n  (A tra to  B a s in , C o lu m b ia )  
m a rk e d  b y  a n  u n c o n fo rm ity  a n d  o v e r la in  b y  te r re s tr ia l  se d im e n ts .
connection as late as 1.8 Ma (Keller et al., 1989) or that the CAI was breached during 
eustatic highstands (Cronin and Dowsett, 1996).
Initial uplift of the Panama sill began in the early part of the middle Miocene 
(16.1-15.1 Ma) (Duque-Caro, 1990; Keller and Barron, 1983). The Panama sill rose 
from the seaway floor to an estimated depth of 1000 m by the middle Miocene 
(approximately 12.9-11.8 Ma), gradually cutting off the exchange of deep water 
between the Caribbean and the Pacific (Duque-Caro, 1990). In the later part of the 
middle Miocene a "distinctive" Pacific benthic foraminiferal fauna developed that 
ranged from Ecuador to California and indicated that a circulation barrier had 
separated benthic foraminiferal faunas o f the two regions (Duque-Caro, 1990). 
Evidence from Colombian basins suggests that a surface water connection was re­
established during the early part of the late Miocene (about 6.43 Ma) for the southern 
part of the Isthmus (Duque-Caro, 1990; Fig. 1.2.1).
The development of the sill and subsequent events in the isthmus region were 
the result of the collision of the Pacific and Caribbean Plates with the South American 
Plate, and the development of the Central American volcanic arc. The development 
of the volcanic arc resulted from the subduction of the Farrallon Plate beginning in 
the Late Cretaceous and continued later as the Cocos and Nazca plates were also 
subducted beneath the Caribbean Plate (Coates and Obando, 1996). This resulted in 
the formation of an extended archipelago with numerous fore- and back-arc basins. 
The number of shallow-water connections across this emerging land connection 
gradually was reduced to two or three in the later Miocene to Pliocene, until a 
complete marine barrier resulted about 3.1-2.8 Ma (Coates and Obando, 1996; 2.1.1).
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Figure 2.1.3 shows the 1) locations of the three marine connections across the 
Chorotega Block: (a) the Tempisque, San Carlos, and Northern Limon basins; (b) the 
Central Valley Basin; and (c) the Burica, Terraba, and Southern Limon basins; and 2) 
two marine connections across the Choco Block: the Atrato, Chuncunaque basins; the 
Canal Basin.
The marine connection formed by the Burica, Terraba, and Southern Limon 
basins is aligned with the Cocos Ridge and has been influenced by the subduction of 
the Cocos Ridge since the early Pliocene (Coates et al., 1992; Collins et al. 1995a; 
Coates and Obando, 1996). The Terraba Basin formed as an inner fore-arc basin 
beginning in the Oligocene. The Southern Limon Basin formed as a back-arc basin in 
the early Miocene (Coates et al., 1992; Collins et al, 1995a; Coates and Obando,
1996). The Burica Basin formed as an outer fore-arc basin beginning in the early 
Pliocene.
Subduction of the Cocos Ridge beneath the Chorotega Block along the Middle 
American Trench (Fig. 2.1.1) caused rapid uplift along the projected axis of the 
Cocos Ridge in the region of the Osa and Burica Peninsulas (Protti et al., 1994;
Collins et al., 1995a). According to Collins et al. (1995a), the Caribbean margin of 
the Costa Rica-Panama microplate experienced little to no Pliocene uplift, but was 
followed by a period of relatively rapid Quaternary uplift. In contrast, the Pacific 
margin experienced rapid uplift during the late Pliocene and relatively little uplift 
during the Quaternary. Collins et al. (1995a) propose that subduction of the Cocos 
Table Ridge and subsequent rapid uplift began at 3.6 Ma on the Pacific side of the 
Isthmus and affected the Limon Basin on the Caribbean side about 1.6  Ma
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F ig u re  2.1.3. Mnp showing the locations o f  three marine corridors that connected the Caribbean Sea and the Pacific Ocean prior to 
final termination o f  surface circulation across the Central America isthmus. From Coates and Obando, P)%.
(Collins et al., 1995a). This estimate of initiation of subduction is 2 - 3 m.y. earlier 
than that proposed by Lonsdale and Klitgord (1978), Corrigan et al. (1990), and 
Gardner et al. (1992). Lonsdale and Klitgord (1978) and Corrigan et al. (1990) 
propose that initial subduction of the Cocos Ridge began at about 1.0 Ma along the 
Pacific margin of Costa Rica and Panama. Gardner et al. (1992) estimates the 
initiation of subduction began slightly later, at 0.5 Ma.
Duque-Caro (1990) identified four Neogene unconformities on the Caribbean 
side of NW Columbia: an early middle Miocene unconformity (correlating to the 
Neogene Hiatus, NH2, 16.1-15.1 Ma, of Keller and Barron, 1983), the middle 
Miocene unconformity (correlating to the Neogene Hiatus, NH3, 12.9-11.8 Ma, of 
Keller and Barron, 1983) the late Miocene unconformity (correlating to the Neogene 
Hiatus, NH6 , 7.0-6.3 Ma, of Keller and Barron, 1983) and a mid-Pliocene 
unconformity (correlating to the Neogene Hiatus, NH6 , 3.7-3.1 Ma, of Keller and 
Barron, 1983). Krantz (1991) reports a transgression event occurring on the Atlantic 
Coastal Plain from 4.0-3.2 Ma, with sea level oscillating from 30-35 m to modem 
sea level several times during this period. He also reports a major regression (as a 
result of climatic cooling) between 3.2-3.1 Ma, which dropped sea level 40-50 
meters on the Atlantic Coastal Plain. Only the mid-Pliocene unconformity of Duque- 
Caro (1990) and Krantz (1991) can potentially be expressed in the upper portion of 
the Rio Banano Formation studied herein. No lithologic evidence for such an 
unconformity has yet been located in the field as jungle overgrowth allows exposures 
only along cut banks of the Rio Banano River and along outcrops fronting logging
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and farming roads. However, as discussed later, faunal evidence may provide 
insights as to local sea level fluctuations during the formation o f the Rio Banano 
Formation.
2.2 S t r a t ig r a p h y  o f  t h e  L im o n  B a sin
Sediments in the Limon Basin are contained within the Limon Group (Coates 
et al., 1992). These sediments have been divided into three main formations: The 
Uscari Formation, the Rio Banano Formation, and the Moin Formation. The oldest 
group of sediments in the Limon area considered herein, the Rio Banano Formation, 
was originally designated by Olsson (1922) as the Gatun Formation. As described by 
Olsson, the Gatun Formation (type section, located at Monkey Hill in the Panama 
Canal Zone, Panama, was originally named and described by Howe in 1907; see also 
Woodring (1957) for Canal Zone geology), encompassed Miocene-Pliocene massive 
medium- to very fine-grained sandstone and siltstone beds found along the Caribbean 
coasts of Panama and Costa Rica. Olsson recognized two facies within the Gatun of 
Costa Rica: a sand facies and a coral facies. Hoffstetler et al. (1960) and Weyl 
(1980) also considered the Miocene sandstone and siltstone beds overlying the 
Uscari Shale as belonging to the Gatun Formation. Because the sediments of the 
Limon area are not laterally continuous with the Gatun Formation o f Panama and 
were deposited in what is now known to be a separate sedimentary basin, the Costa 
Rican sediments were designated the Rio Banano Formation by Taylor (1975).
The Rio Banano Formation was proposed in Taylor's dissertation and never 
formally published. However, usage o f this designation by subsequent workers
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(Cassell, 1986; Cassell and Sen Gupta, 1989b; Coates et al., 1992; Hoffstetter, 1980; 
Sprechmann, 1984; Bottazzi et al., 1994) has given the term Rio Banano Formation a 
formal status. Taylor (1975) designated four facies within the Rio Banano 
Formation: a sandstone facies, a conglomerate facies, a coral facies, and the Moin 
Clay Member. Gabb (1881), in describing the rich mo Husk faunas found between 
the cities of Moin and Limon, called the clay unit the Moen Formation, but did not 
designate a precise type locality. This clay unit was subsequently designated the 
Limon Formation by Hill (1898) and was referred to as such by Hoffstetler et al. 
(1960), Sprechmann (1984), and Bottzani et al. (1994). Taylor (1975) changed the 
name and reduced the Limon Formation to member status as the Moin Clay Member 
of the Rio Banano Formation because of its Jithologic similarity to the Rio Banano 
sandstone facies. Cassell and Sen Gupta (1989b), however, elevated the clay unit 
back to formation status as the Moin Formation and included only the sandstone 
facies in their definition of the Rio Banano Formation.
Taylor (1975) also informally described another unit, the "Pueblo Nuevo 
Sands," that he found associated with the Rio Banano reef facies. These sediments 
are of limited aerial extent, hence the informal status by Taylor (1975) and 
Sprechmann (1984).
The stratigraphic nomenclature followed herein will be that of McNeill et al. 
(in press), which follows closely that of Taylor (1975), Cassell (1986) and Cassell 
and Sen Gupta (1989a, 1989b) and Coates et al. (1992). Recent biostrati graphic and 
magnetostratigraphic sampling has produced a tighter chronologic framework and, as
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a result, revisions were necessary to the Coates et al. (1992) stratigraphic framework 
and geologic map (McNeill et al., 1996; McNeill et al., in press). Figure 2.2.1 
shows a comparison of the stratigraphic framework for sediments of the Limon 
Group. Figure 2.2.2 is a geologic map of the Limon area (McNeill et al., in press).
Taylor (1975) noted topographic ridges on aerial photographs of the Limon 
promontory and consequently mapped linear "coral reef trends" in the upper portion 
of his Rio Banano Formation between Limon and the Recope Oil Refinery. These 
roughly linear trends run approximately northwest-southeast. Coates et al. (1992, 
Fig. 7) found no evidence for reef trends and mapped this area as early Pleistocene 
based on the presence of the shallow-water reef coral, Acropora palmata. While 
doing field work in 1993, and using the Coates et al. (1992) geologic map as a field 
guide, A. Budd (University of Iowa, personal communication, 1993) determined that 
the "Pleistocene - 'unnamed reef limestone"' contained corals that had gone extinct 
well before the Pleistocene - and that the estimated ages of the coral outcrops in the 
Limon area decreased [northeastward] toward the coast. In discussing the Coates et 
al. (1992) geologic map with Budd, the present author noted the correspondence of 
Budd's independently mapped coral localities with the areas originally marked by 
Taylor as coral reef trends. An overlay of Budd’s coral locality map onto Taylor's 
original geologic map showed an almost perfect correspondence between the Taylor's 
reef trends and fossil coral localities of Budd. Aerial photographs were then checked 
in hopes of locating additional fossil localities, but the tropical overgrowth and recent 
housing development obscured any aerial evidence of trends.
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McNeill et al. (1996) identified three reef trends. The trends (moving from 
inland toward the modem coastline) include, from oldest to youngest:
1) the Buenos Aires trend (the oldest trend, consisting of small patch reefs 
exposed in outcrops along the Quebrada Chocolate and at the CTA Fence, 
Moin Flat Field, and Santa Rosa Road localities; corresponds to the Quebrada 
Chocolate Formation, Fig. 2.2.2),
2) the Empalme - Portete Reef trend (poorly represented in terms of ostracode 
assemblages; composed of Portete, Empalme, Apartment Complex and Graves 
Trench localities; corresponds to Empalme Member o f the Moin Formation, 
Fig. 2.2.2), and
3) the Lomas del Mar Reef trend (youngest trend, best representation in terms of 
ostracode assemblages; composed o f Lomas del Mar and Corales Overkill 
localities; corresponds to the Lomas del Mar Member of the Moin Formation, 
Fig. 2.2.2).
Detailed mapping and biostratigraphic and magnetostratigraphic dating of the 
coral trends has resulted in the identification of an important new first occurrence 
datum for Acropora palmata at 3.7-3.2 Ma (McNeill et al., 1996; Fig. 2.2.3, 
localities CJ95-56 and DP96-13). This is important because Acropora palmata has 
been used as a Pleistocene marker in the Caribbean, and this discovery extends the 
range well back into the Pliocene for the western Caribbean.
Other changes to the stratigraphy of the Limon Group include the designation 
of a new formation, the Quebrada Chocolate Formation (McNeill et al., in press).
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This new formation includes the oldest trend (the Buenos Aires trend, now the 
Buenos Aires Reef Member) and the intervening coarse elastics. In addition, the 
Moin Formation has been expanded from the original type section of the Moin 
Formation (the clay facies of Taylor, 1975) to include the type section as well as the 
Empalme/Portete (now the Empalme Reef Member) and Lomas del Mar (now the 
Lomas del Mar Reef Member) trends. The term "Pueblo Nuevo Sands," used 
informally first by Taylor (1975) to refer to well-sorted, probably reworked, sands 
found associated with the reef trends, has been raised to member status (McNeill et 
al., in press). Figures 2.2.3 and 2.2.4 are sample location maps (field number 
designations and descriptive locality names, respectively).
2.3 L it h o s t r a t ig r a p h y  o f  t h e  L im o n  B a sin
The Rio Banano Formation. The Rio Banano Formation as originally 
defined by Taylor (1975) is a 750 meter thick highly variable lithologic unit 
composed of sandstone, conglomerate, coral reef and claystone facies. The latter, he 
named the Moin Clay Member. McNeill et al. (in press) follow Cassell and Sen 
Gupta (1989b) and Coates et al. (1992) in limiting the Rio Banano Formation to 
Taylor's sandstone facies. The type section of the Rio Banano Formation is exposed 
approximately nine kilometers south-southwest of the city o f  Limon just west of the 
railroad bridge near the city of Bomba (Fig. 2.3.1a). The contact of the Rio Banano 
Formation and the underlying Uscari Formation was not observed during the course 
of our fieldwork. However, the contact with the Uscari Formation is diachronous
35
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
83T)yW
2000 meters 
I
2 miles
Portete
&B93-72 □89-18Puerto
Moin
M B 9 3 -4 7 . A B 9 3 - 2 2 \ ^ i S i a % % 9 % KrOO N,- ^ l s la
Dftftjin LimonEmpalme Moin W ^.a89-J7 '^wcaix ip'.nSAB9M5
Pueblo Q95#  7 ^ 0 P 9 M ? I ^ !vAB93-34  
/ • A B 9 3 - 5 6  
1893-60 f 8 9 ?’! 8
Nuevo 4 6  ,  0P96-O2
H 089-14 » r  
DP96-03
uenos
Aire AB93-59 Puerto LimonAB93-G5jXi^-=is^g;.' 
□ 9 5 -5 6 r  \  a B 9 3 7 T ^  
DP96-13 DP96-12 AB93-61
AB95-04 Cieneguita
»AB95-06 L im o n c i to□95-53
AB93-67.
Santa Rosa
La Bomba
p q o -C  CJ89‘26.  nnnr
*  G 89 2 * J^ / / *^B93-73 - i 0 t i 3 n j no
Quitana
Figure 2.2.3. Map of sample localities, field designation labels.
36
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
! ®2000 meters I
2 miles
6® Portete
^  S ec  Terrace
ii
Los lau re lPuerto
M oin Barricudajgigrt^
Lomas d e m g g itSo Moin 10 0QN—
r-^lslaLimonEmpalme MomLomas del * •Main Part 
Road Gully
Flat Field
^OSnCSgsM at West r Lost WatchPuebloNuevo Cemeteryuenos MolluskHenvpn«*‘6ftn Puerto Limon
Rl. 3 2  Stadium
S. Rosa RoadRt. 3 2  Roadajt Fence StYiophorn gj 32 Claystones Hul
Basketball C\7K . Rosa
, Q .  Choco Road - - - - - - - / / *  Road Ditch
W. Fork '
Cieneguita
Limoncito
M anadna 
M eadow  jChocolate 
W ajertall
Santa Rosa
L a B o m b aRio Banano. Augo 
N .Sank
0,0 Banano 9'55'N -Ria Banano. Bom ba. II. Bank 
R. Banano-Quleno
R. Banano- 
Lime Grove 
Quitana
Figure 2.2.4. Map of sample localities, descriptive locality names.
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Figure 2.3.1. Photographs of Rio Banano formation outcrops and sediments. 
A: Photo of type section near the town of Bomba. Total relief is about 80 m. 
B: Outcrop showing typical bedding style. Arrows mark shell hash lenses. 
(Figure continued.)________________________________________________
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Figure 2.3.1. C: Arrow marks a Callianassid burrow. Card is 9 cm wide. 
D: Concretion layer (arrow) often mark bedding planes. Figures for scale.
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and ranges in age from early late Miocene to earliest Pliocene (Coates and Obando,
1996).
The Rio Banano Formation consists o f well-sorted poorly cemented 
sediments throughout the sandstone facies and are generally held together by a mud 
matrix, although local cementation by calcite in the form of nodules does occur 
(Taylor, 1975). Well-preserved mollusks, frequent shell-rich lenses and callianassid 
burrows (often infilled with shell hash) are common (Fig. 2.3.1 b, c). Occasional 
intact sand dollars have also been noted lying parallel to the bedding planes in 
outcrop. Bedding thickness varies on the order of 10-50 cm, with the upper bedding 
surfaces often marked by shell hash lenses or large, rounded concretions (Fig. 2.3.1b, 
d). No large bedding structures, such as large-scale cross-stratification, were 
observed in outcrop, although Taylor does mention the existence of such structures in 
Rio Banano sediments elsewhere. Smaller bedding structures, such as laminae - both 
parallel and undulating, were observed (Fig. 2.3.1c). In general, the lithology of the 
Rio Banano Formation varies little in the upper portion of the formation (between 
Quitaria and Bomba). The exception to this observation is a one-meter thick clayey- 
siltstone near the top of the Bomba River section.
Stratigraphic sections included in this study were measured along the south 
side of the Rio Banano River between the town of Quitaria to the west (Fig. 2.3.2) and 
the town of Bomba (the type section, Fig. 2.3.3 and Fig. 2.3.4; Table 2.3.1). These 
sediments form the upper portion of the Rio Banano Formation. Although several 
samples from Rio Banano Formation localities north of the river are included
40
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Rio Banano Formation
Lithostratigraphy 
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concretions, some silt 
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Figure 2.3.2. Measured sections from the Middle River and Quitaria localities of the 
Rio Banano Formation. Locality numbers (center column) correspond to location 
map (Fig. 2.2.3).________________________________________________________
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Rio Banano Formation
Lithostratigraphy
Bomba River Road 
Section
Sandstone, medium sand 
with som e silt, gray-dark 
green, tuffaceous. Some 
mollusk-rich shell hash 
and stringers, bivalves 
and gastropods present
Bomba River Section
Sandstone, m assive with 
rounded volcanic pebbles, 
abundant shells, tubular 
burrows, green-dark gray
Siltstone with som e 
m edium sand and 
volcanic pebbles (2 - 
4m m ), abundant 
Caillanassid-type 
burrows filled with 
pebbles and shell hash
Sandstone, massive, 
gray color weathered 
to tan. Mollusks 
occasional, 
som e concretions
Siltstone, blue-gray 
massive, rich in mollusks, 
pervasively bioturbated 
with shell hash infill and 
stringers. Some stringers 
of silt/clay. Rounded 
concretions (1 0 -2 0 cm) 
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Figure 2.3.3. Measured sections from the Bomba River and Bomba River Road 
localities of the Rio Banano Formation. Locality numbers (center column) 
correspond to location map (Fig. 2.2.3)._________________________________
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Lithostratigraphy 
Bomba L andslide
Rio Banano Formation 
Sam ples
5 0 -
Sandstone. coarse sand 4 6 ' 
with silt matrix, tan-gray, 
some bedded silt-rich 44 - 
intervals, mollusk 
fragments, concretions 42-
Sandstone. massive, gray 3 4 . 
color weathered to tan.
Occasional mollusks, o o h C — ' 
some concretions
3 0 -  
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12- & S
10-?:
Siltstone and sandstone, 
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Figure 2.3.4. Measured section from the Bomba Landslide locality' of the Rio 
Banano Formation. Locality numbers (center column) correspond to location map 
(Fig. 2.2.3)._________
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in the database, no extended stratigraphic sections from the north bank of the river
are included in this analysis because of the uncertain position of these samples within
the composite section. According to Taylor (1975) the course o f the Rio Banano
Table 2.3.1. Stratigraphic sections and locality numbers for samples from the Rio 
Banano Formation. All sample localities, informal names and Panama Paleontology 
Project numbers are listed in Appendix A.l. Locations are also shown in Figs. 2.2.3 
and 2.2.4.
Stratigraphic section Locality number
Rio Banano - Bomba AB93-73-02/04
Bomba, River DP95-02-01/14
Bomba, River Road DP95-03-01/06
Bomba, Landslide DP95-01-01/30
Rio Banano - Middle River DP95-07-01/06
Rio Banano - Lime Grove DP96-15-01/04
Rio Banano - Quitaria AB93-69-01/18
River is partially determined by a fault zone that trends roughly east-north-east by 
west- southwest. Taylor mapped the fault zone based on horizontal offset of the 
Uscari-Rio Banano contact and the offset of the Rio Banano Ridge (described by 
Taylor as a resistant unit of rocks within the Rio Banano Formation). Taylor did not 
observe evidence of a fault escarpment or fault gouge. No evidence of faulting 
perpendicular to the fault zone along which the Rio Banano River flows has been 
previously noted. However, anomalous 87/86 Sr ratios (see Section 2.4) from a 
mollusk collected from the Rio Banano Middle River section are problematic. The 
strontium isotopes analysis produced an age range estimate in excess of 10 Ma, more 
than six million years older than indicated by biostratigraphic markers. Several 
explanations can be offered: 1) the section is in fact interrupted by an unmapped 
fault, 2) the mollusks are reworked from older beds, or 3) the calcite composition of
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the mollusk shell has been contaminated with less radiogenic strontium. Efforts were 
made by the present author to locate evidence of faults (and unconformities) within 
the section between Quitaria and Bomba, but these attempts were unsuccessful due to 
high river levels and jungle overgrowth.
The Quebrada Chocolate Formation. The Quebrada Chocolate Formation, 
a newly proposed formation (McNeill et al., in press), encompasses the reefal facies 
o f the upper Rio Banano Formation as proposed by Taylor in 1975 and the upper 
reefal portions of the Rio Banano as defined by Coates et al. (1992). The type 
section of the Quebrada Chocolate Formation is a composite section. The lower part 
o f the composite section is the Quebrada Chocolate - Waterfall section, located on 
the Quebrada Chocolate (Fig. 2.3.5), a northward-flowing stream located 
approximately six kilometers west of Limon (McNeill et al., in press) (Fig. 2.2.4).
The upper part of the composite type section is the CTA Fence section, outcropping 
to the east along Route 32 (Fig. 2.2.4).
The Quebrada Chocolate Formation consists of siliciclastics interspersed 
between several reefal-debris buildups that crop out to the north and east of 
Quebrada Chocolate along Route 32 and along a small portion of the Santa Rosa 
Road. The sediments of the Quebrada Chocolate Formation are variable and range 
from a pebble conglomerate (Quebrada Chocolate Waterfall Section, Fig. 2.3.6), to 
coarse sand (Quebrada Chocolate - Route 32 roadcut), to clay (lower CTA Fence 
Section, Fig. 2.3.7). The formation contains one member, the Buenos Aires Reef 
Member, consisting of reefal deposits within a sparse siliciclastic matrix (e.g. the
45
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A.
Figure 2.3.5. Photographs of Quebrada Chocolate Formation outcrops and 
sediments. A: The Quebrada Chocolate - Waterfall locality. Clays at water level 
are overlain by coral thickets and silty sands; about 10 m exposed in view. B: The 
CTA Fence locality with Dr. A. Budd for scale. ___________________________
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Quebrada C hocolate Form ation
Lithostratigraphy
Quebrada Chocolate- 10-». 
W aterfall
Blue-gray fine sandstone 
w/ m ollusks and mollusk 
fragments
Blue-gray sandy siltstone, 
som e mollusks
8 - - -
7 -
Blue-gray silty clay, _ 
m ollusks and mollusk 
fragm ents, wood 
fragments
Pontes coral thicket (?),
Siderastrea 5-
Conglomerate in brown 
sand matrix, pebble size 
(4-5cm ) grains, well
rounded .
Porites  coral thicket in 
brown clay-silt matrix.
M. annularis  a t top of
interval 3  t
Sam ples
AB93-67-P8
AB93-67-P7
AB93-67-P6
AB93-67-P5
Polarity & 
C hronozone
Mammoth (C2An.2r) 
orK acna (C2An.1r)
unknown polarity
uncertain polarity 
unknown polarity
Gauss Chron 
C2An.3
AB93-67-P4
unknown polarity
Porites coral debris in 
blue-gray silty-clay matrix
Blue-gray clay, highly 
burrowed with shell hash 
filling burrows
1 - ”
meters 0 -
AB93-67-P2
AB93-67-P3
AB93-67-P1
Gauss Chron 
C2An.3
Gauss/Gilbert
boundary
Gilbert Chron 
C2Ar
Figure 2.3.6. Measured section from the Quebrada Chocolate Waterfall locality of 
the Quebrada Chocolate Formation. Locality numbers (center column) correspond 
to location map (Fig. 2.2.3)_______________________________________________
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Quebrada Chocolate Formation
SamplesLithostratigraphy 
CTA F ence
Massive, cream-color 
carbonate, possible 
freshwater tufa(??) 
unfossiliferous
Disconformity 11 _  -G
Acropora cervicornis 
thicket in silty matrix with 
increasing coral diversity 
(Calastrea spp., 
Montastrea annularis. 
Stylophora spp., m ussids. 
agaricids. massive 
Porites)
10-&SW
9 -
Acropora cervicornis '  “ I 
coral thicket in light brown 
clay-silt matrix
6 -1
Transitional contact
4 -
Porites coral debris in 
blue-gray silty-clay matrix 
with thin ienses of mollusk 
fragments ana platv corals
AB93-70-P19 •
 --
V aV M nV H t* .
4‘JsIvJ .
-.irr.Cv.'Tr-w*.
meters 0 -
AB93-70-P18 •
AB93-7Q-P17 •
AB93-70-P16 •  
AB93-70-P15 •  
AB93-70-P14 •
AB93-70-P13 •  
AB93-70-P12 •
AB93-70-P11 •
AB93-70-P10 •  
AB93-70-P9 •
AB93-70-P8* 
AB93-70-P7 •
AB93-7Q-P5*
AB93-70-°5*
AB93-70-FJ*
AB93-7Q-P3*
AB93-70-P2* 
AB93-70-P1 •
Polarity & 
Chronozone
&
uncertain
polarity
uncertain
correlation
above
disconformity
uncertain
polarity
>3.08 Ma or 2.92 Ma
Gauss Chron 
C2An.2r
Gauss Chron 
C2An.2r 
(Mammoth)
3.18 Ma or 2.99 Ma
Gauss Chron 
C2An.2n
Figure 2.3.7. Measured section from the CTA Fence locality of the Quebrada 
Chocolate Formation. Locality numbers (center column) correspond to location 
map (Fig. 2.2.3),____________________________________________________
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CTA Fence section). Table 2.3.2 lists the stratigraphic sections of the Quebrada 
Chocolate Formation studied herein. A complete listing of sections and isolated 
samples can be found in Appendix A.l.
Table 2.3.2. Stratigraphic sections and locality numbers for samples from the 
Quebrada Chocolate Formation.________________________________________
The Moin Formation. The Moin Formation type section was designated by 
Taylor (1975; originally described as a member of the Rio Banano Formation) as the 
sediments found "in the bed o f an unnamed stream 800 m east of Portete at 10°01'N, 
83°03'30" W" (informally called the Cangrejos Creek herein) that drains the 
topographic high between Portete and the city of Limon. Cassell (1986) elevated 
Moin Clay Member (Taylor, 1975) to formation status and Coates et al. (1992) 
expanded the definition of the Moin Formation to include both the Moin Formation 
of Cassell (1986) and the associated patch-reef facies located immediately to the 
south and east of the clay outcrops. McNeill et al. (in press) follow Coates et al. 
(1992), but define three members within the Moin Formation: the Pueblo Nuevo 
Sand Member, the Empalme Reef Member and the Lomas del Mar Reef Member. 
Although Taylor (1975) gives no estimated thickness for his Moin Clay Member, 
Cassell estimates the thickness of the exposure to be 70 m (Cassell, 1986; Cassell 
and Sen Gupta, 1989b). With their broader definition, Coates et al. (1992) estimate 
the thickness of the Moin Formation to be ~ 200 m.
Stratigraphic section
CTA Fence
Quebrada Chocolate -Rt. 32 roadcut 
Quebrada Chocolate - Waterfall
Locality number
DP93-70-01/18
DP96-01/06
DP93-67-01/08
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As proposed by McNeill et al. (in press), the type section of the Moin 
Formation is a composite section composed of the fine-grained Cangrejos Creek 
section (Taylor's original type section) and the coral-rich Lomas del Mar West 
section. The sediments exposed in the Cangrejos Creek portion of the composite type 
section of the Moin Formation are primarily a blue-gray silty clay, with intervals of 
silty volcaniclastic litharenite (Coates et al, 1992). The unit appears to be massive, 
with no apparent bedding or sedimentary structures (Fig. 2.3.8). Exposures of the 
clay facies are limited to the Cangrejos Creek (Fig. 2.3.9) and to areas associated 
with the reefal biostrome facies that forms the 'cap' of the topographic high south of 
the creek. The contact between the clay facies and the reefal biostrome facies (the 
Lomas del Mar Reef Member) was not observed in this study due to dense vegetative 
cover. The upper part of the composite type section for the Moin Formation, the 
Lomas del Mar West section (a section within the Lomas del Mar Member), is part of 
the Lomas del Mar Member and consists of a blue-gray clayey and silty fine 
sandstone matrix containing large numbers of zoozanthellate coral, mollusk and 
bryozoan species (Fig. 2.3.10). The matrix is highly variable, mostly consisting of 
silts and sands with large amounts of carbonate debris (mollusk, bryozoan, coral, 
microfossil), but also contains occasional pockets of silty clay. It is believed that the 
small size of these reefs (on the order of 1-5 m wide by 1-2 m high, see Fig. 2.3.8) is 
due in part to high siliciclastic input, as is evidenced by the muddy sand matrix 
which encases them (McNeill et al., in press).
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A.
F ig u re  2 .3 .8 . Photographs of the Moin Formation outcrops. A. Photograph of 
Cangrejos Creek mudstones. Dr. D. McNeill for scale. B. Photograph of Lomas del 
Mar - East locality. (Figure continued.)_____________________________________
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c.
- ->
Figure 2.3.8. C: Photograph of in situ coral (arrow) among the sands and silts of the 
Moin Formation (Lomas del Mar - West locality); camera case length approximately 
16 cm. D: Future housing terraces being developed on a patch reef outcrop; Lomas 
del Mar - West locality, 1995._____________________________________________
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Lithostratigraphy 
C angrejos Creek
Claystone: some silt, 
massive, blue-gray, 
abundant small molluscs 
with som e shell hash 
and forams. some 
basalt grains in burrows
Sandstone: volcaniclastic 
and calcarenitic with a 
blue-gray clayey matrix, 
packed with small 
mollusks and forams
M oin Formation
Sam ples
3 0 -  = = r d
2 8 -  = = “
26
24- m m t
20
Silty claystone: 
blue-gray, massive i g —F~~~~
16-
Silty sandstone: 
volcaniclastic with some 
clay matrix, green-gray, 
rich in micro-mollusks 
and forams
Silty claystone: grav-blue. 
massive, rich in forams
Sandstone: blue-gray, 
ciayey. scatterea basalt 
grains (up to 2 mmi, 
arthropod burrows, seme 
□ackea with micro- 
moiluscs
Silty claystone: massive 
gray-green-blue, 
occasional scaphopoas
12 -
meters 0
•  CJ89-18-1
•  DP95-5-1
•  DP95-5-2
•  DP95-5-3
•  CJ89-18-2
•  DP95-5-4
•  CJ89-18-3
•  CJ89-18-4
•  DP95-5-5
•  CJ89-18-5
•  DP95-5-6
•  CJ89-18-6
•  CJ89-18-7
•  0P95-5-7
•  CJ89-18-3
•  DP95-5-8
•  DP95-5-3
CJ89-18-3 
DP95-5-' 0 
CJ89-7 8 -t 0
•  CJ89-18-1
•  DP95-5-11
•  CJ189-18-
Polarity & 
Chronozone
Figure 2.3.9. Measured sections from the Cangrejos Creek locality of the Moin 
Formation. Locality numbers (center column) correspond to location map (Fig. 2.2.3).
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Lithostratigraphy 
Lomas del Mar-West
Moin Formation 
Samples
1 5 -
Siltstone: same lithology 
as below 1 4 -
Reef Lense: coral-rich 13 
carbonate buildup with 
some silt matrix, cream- 
tan color
Siltstone: blue-gray with 
clay, massive, includes 
scattered patch reef 
lenses (10-20m diam.). 
Siltstone has abundant 
mollusks, bryozoa, 
solitary corals, echinoids. 
Burrows common.
Reef Lense: coral-rich 
carbonate buildup with 
some silt matrix, cream- 
tan color
Siltstone: blue-gray with 
clay, massive, includes 
scattered patch reef 
lenses (10-20m diam.). 
Siltstone has abundant 
mollusks, bryozoa. 
solitary corals, echinoids. 
Burrows common.
Reef Lense: coral-rich 
carbonate buildup with 
some silt matrix, cream- 
tan color.
Siltstone: blue-gray 
massive and blocky, 
scattered within this 
lithology are diverse coral 
lenses (10-20m diam.) 
with siltstone flank beds 
rich in mollusks. bryozoa. 
solitary corals, echinoids. 
Burrow network common
12 -
11 -
1 0 -
9 -
6 -
X=E
S i
T *T
jli
2 -
Polarity & 
Chronozone
meters
•  CJ95-54-8
•  CJ95-54-7
CJ95-54-6
•  CJ95-54-5
CL
CL
•  CJ95-54-4
•  CJ95-54-3
CJ95-54-2
e\ic:
•  CJ95-54-1
Figure 2.3.10. Measured sections from the Lomas del Mar West locality of the Moin 
Formation. Locality numbers (center column) correspond to location map (Fig. 
2.2.3).
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The Empalme Reef Member is a coral-bearing unit outcropping in an arcuate 
ridge to the east of Puerto Moin and west of Limon (Fig. 2.2.2). The sediments of 
this member are heavily recrystalized, weathered, and poorly exposured. No 
ostracodes or other biostratigraphically useful microfossils were recovered from this 
member north of Route 32. A few ostracodes were recovered from the associated 
Santa Rosa patch reef, adjacent to and south of Route 32.
The Pueblo Nuevo Sands Member is a well-sorted sandstone unit first noted 
and informally named by Taylor (1975). No samples of the Pueblo Nuevo Sand 
Member or the Empalme Reef Member (with the exception of the those from the 
Santa Rosa patch reef) collected during this study proved to be fossiliferous.
Table 2.3.3 gives a list of the stratigraphic sections of the Moin Formation
studied herein. A complete listing of sections and isolated samples can be found in
Appendix A.1, The stratigraphic relationship between isolated outcrops and
stratigraphic sections of the Quebrada Chocolate and Moin Formations is very
complex. Figure 2.3.11 is a cross-section showing stratigraphic relationships for
localities in the Quebrada Chocolate and Moin Formations (McNeill et al., in press).
Table 2.3.3. Stratigraphic sections and locality numbers for samples from the Moin 
Formation..
Stratigraphic section
Lomas del Mar West 
Lomas del Mar East
CJ95-54-01/08 
AB93-71-01/05 
CJ92-06/18
Locality number
Cangrejos Creek CJ89-18-01/12
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Figure 2.3.11. Cross-section showing stratigraphic relationships for selected localities in the Quebrada Chocolate and Moin 
Formations. From McNeill et al. (in press).___________________________________________________________________________
2.4 C h r o n o s t r a t i g r a p h y  o f  t h e  L i m o n  B a s i n .
Chronostratigraphy of the Rio Banano and Moin Formations is based on 
calcareous nannofossils, planktonic foraminifera, strontium isotope ratios and 
magnetostratigraphy. Collection, analysis and interpretation of this information [with 
the exception of a thesis by Schellenberg (1994)] was coordinated by the Panama 
Paleontology Project of the Smithsonian Tropical Research Institute, Balboa, Panama. 
Age determinations based on integrated stratigraphic data are detailed in McNeill et 
al. (in press) and are summarized in Table 2.4.1,
Table 2.4.1. Summary of age determinations for Limon samples. M= Moin 
Formation, QC = Quebrada Chocolate Formation, RB = Rio Banano Formation._____
Mnemonic Name Formation Field number Age assignment
Cangrejos Creek M CJ89-18; DP95-05 -1 .5 -0 .9  Ma
Lomas del Mar - East/West M CJ89-17; CJ95-54 1.95 - 1.77
Santa Rosa Patch M 1.95 - 1.15 Ma
Empalme Mollusk M CJ89-36, 38; CJ95- 
48
AB93-59; DP96-04
1.77-1.1 Ma
CTA Fence QC AB93-70 3.33 - 2.58 Ma.
Quebrada Chocolate (Waterfall) QC AB93-67 3.58-3.33 Ma
Quebrada Chocolate (Route 32) QC DP96-13 3.58 -2.58 Ma
Moin Flat Field QC AB93-34 -3.1 Ma
Rio Banano - Bomba RB AB93-72 3.11 -3.04 or 3.33 - 3.22 Ma
Rio Banano - River/River Road RB DP95-02, 03 3.11 -3.04 or 3.33 -3.22 Ma
Rio Banano - Middle River RB DP95-07 -3.3 Ma
Rio Banano - Quitaria RB AB93-69 3.8-3 .6  Ma
Biostratigraphic data for the Limon Basin was published by Taylor (1975), 
Cassell and Sen Gupta (1989b), and Coates et al. (1992). These data were 
supplemented by new planktonic foraminifera information most recently by W. 
Berggren [Woods Hole Oceanographic Institution (Table 2.4.2)]. Analysis of 
nannofossils was done by W. Wei (Scripps Institute of Oceanography) and M.-P.
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Aubry (Universite de Montpellier). Analysis o f 87/86 Sr ratios was conducted at 
Louisiana State University by L. Chan and by personnel at the University of Florida 
(Table 2.4.3). D. McNeill (University of Miami, RSMAS) used the standard 
reference curve of Farrell et al. (1995) to determine age ranges. Paleomagnetic data 
were collected and analyzed by D. McNeill (University of Miami, Rosenthiel School 
of Marine and Atmospheric Science) and is summarized in Table 2.4.2 and presented 
in detail in McNeill et al. (in press). Strontium-isotope analysis indicates the age of 
the associated Santa Rosa Patch is the early Pleistocene, which is consistent with the 
reefal deposits o f the Lomas del Mar Member to the east.
Several issues arose while determining stratigraphic relationships and ages of 
sediments in the Limon Basin. First, the contact between the Uscari Formation and 
the Rio Banano Formation was not sampled or observed during the course of this 
study. Furthermore, published work on the Rio Banano Formation does not indicate 
the stratigraphic position of the Quitaria and Bomba sections with respect to the lower 
contact of the Rio Banano Formation. Second, barren samples o f the Empalme Reef 
Member of the Moin Formation precluded direct dating of this member. Based on the 
presence of the coral species similar to those found in the Lomas del Mar Member, 
deposition of the Empalme Reef Member sediments occurred just before the 
deposition of the Lomas del Mar Member. Third, the age of the Pueblo Nuevo 
Member of the Moin Formation has been estimated as being Pleistocene based on its 
stratigraphic position between the top of the Quebrada Chocolate Formation and the 
base of the Moin Formation.
5 8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright owner. 
Further reproduction 
prohibited 
without perm
ission.
Table 2.4.2 Paleomagnetic age determination and correlation constraints for major stratigraphic sections (M cNeill et al., in press).
O
Stratigraphic
section
Lom as del Mur 
-W est
C angrcjos C reek
CTA Fence
Q ucbrada 
Chocolate - 
W aterfall
Rio B anano - 
Bom ba River
Locality
C J95-54
C J89-18
DP95-05
A B93-70
AB93-67
DI’95-02
Rio Banano - 1)1*95-01
B om ba Landslide
Rio B anano • 
M iddle River
Rio B anano - 
Quitariu
1)1*95-07
Paleom agnctic age 
determ ination
M atuyam a C hron (upper 
part C 2r) through the 
O ludvai (C 2n) into the 
upper M atuyam a C hron 
(basal part C lr )
Basal C l r
Lower G auss C hron at 
C 2A n 3n/C 2A n.2r or 
C 2A n.2n/C 2A n. Ir 
G ilbert/G auss boundary 
(C 2A r/C 2A n.3) through 
M am m oth (C 2A n.2r) or 
K aena (C 2 An. I r) C hron
m id-G auss C hron 
(C2A n Ir)
m id-G auss C hron 
(C 2 A n.lr/C 2A n. In)
G ilbert C hron 
(C 2A n.3n/C 2A n.2r)
AB93-69 G ilbert C hron (C 2A r)
C orrelation constraints (Berggren et al., 1985 tim escale)
The co-occurrence o f  C7. Iruncaltdinoides (FA D  1.9 M a), large (> 4p m ) Gepliryocapsa (FA D  1.7 M a), / '  
lacunosa (L A D  0.46 M a), C. macintyrei (LA D  1.45 M a) and reversed m agnetic  po larity  suggest an age 
younger than the O lduvai (C 2n) subchron ( 1.66 M a) for the top o f  the section. T he norm al polarity  interval 
in the m iddle o f  the section is correlated to the O lduvai subcron (C 2n), w here reversed polarity  below  is 
assum ed to be the upper part o f  M atuyam a subchron C2r. I r (> 1.88 M a)
The co-occurrence o f  G. inincaiiilinoides (FA D  1.9 M a) large (> 4pn t) Gepliryocapsa (FA D  1.7 Ma), 
laciuiosa (L A D  0.47 M a), disappearance o f  sm all (< 4pm ) Gephyrocapsa spp. (0 .93 M a) and reversed 
m agnetic polarity  suggest an age younger than the O lduvai (C 2n) subchron ( 1.66 Mu) but older than the 
Brunhcs (C ln )  chron at 0.78 Ma.
O ccurrence o f  sm all (< 4p m ) Gephyrocapsa (FA D  3.6 M a) and strontium -isotopc ratio  age o f  > 2.5 M a 
com bined w ith norm al to reverse polarity  sequence constrains correlation with the low er G auss Chron.
/ ’. lacunosa (FA D  3.7 M a), sm all (< 4pm ) Gephyrocapsa (FA D  3.6 M a), reversed polarity  to norm al 
polarity  transition , and strontium -isotopc age range o f  2.5-4.5 M a suggest a G ilbert (C 2A r) to G auss C hron 
(C 2A n.3n) correlation  for the lowest reversal boundary. U nobtainable sam ples in m iddle and upper portion 
o f  section preclude a con tinuous stratigraphy, bu t show  a norm al po larity  in m iddle  portion  and one reverse 
polarity  sam ple at top o f  section. U pper reversed polarity  is very tentatively correlated  with the m id-G uass 
subchron.
Reversed m agnetic  polarity  and the  com bination  o f  sm all Gephyrocapsa (FA D  3.6 M a) suggest 
correlation to the upper reversed polarity  interval w ithin the G auss C hron. A dditional constraint com es front 
the overlying R io B anano L andsidc section , dated  as 3 Mu based on a plunktonic forantinifcra age.
C o-occurrence o f  G. mioceuica (FA D  3.6 M a) and G. allispira (LA D  3.0 M a) suggest an age o f  about 3 
M a or older below  a reversed to norm al polarity  change. T he reversed to norm al polarity  is therefore 
correlated to e ither the C 2 A n .lr /C 2 A n .l transition  or the sligh tly  o lder C 2A n.2r/C 2A n.2n boundary. G iven 
a C2A n. In correlation  for the River sections below  the L andslide, the preferred correlation  is with 
C 2 A n .lr /C 2 A n .l.
No b iostraligraphy exists for the M iddle R iver section. The age o f  the M iddle R iver section is 
constrained by ages on the Q uitarfa section (upperm ost G ilbert C 2A r) and the Landslide section (m id-G uass, 
base C2An. I n), thus a C 2A n.3 to C 2A n.2r correlation  ( -3 .2  M a) is preferred.
C om bination  o f  /*. lacunosa (FA D  3.7 M a), sm all Gepliryocapsa (FA D  3.6 M a) and presence o f  
Spheiioliiliiis abies (LA D  3.5 Mu) in sedim ents o f  reversed m agnetic polarity  indicates correlation with the 
very upper pari o f  the G ilbert Chron.
Table 2.4.3. Results of 87/86 Sr analysis. RB = Rio Banano Formation, QC = 
Quebrada Chocolate, M = Moin Formation._____________________________
Locality Sample Organism 87/86 Sr (2 sigma)
Q. Chocolate (QC) AB93-67 gastropod 0.708955 (9)a
Q. Chocolate (QC) AB93-68 bivalve 0.709076 (8)a
CTA Fence (QC) AB93-70-P3 oyster 0.709076 (10)a
Empalme Moin (M) AB93-59 oyster 0.709156 (6)a
Brasso Seco (QC) AB93-05 Oyster 0.709048 (16)a
Rt. 32 - Stadium (M) AB 93-41-01 Bivalve 0.709114 (8)a
Rio Banano-Quitaria (RB) AB93-69-P18 Bivalve 0.708982 (13)a
Lomas del Mar East (M) AB93-71-P2 Bivalve 0.709087 (9)a
Lomas del Mar East (M) AB93-71-P5,6 Coral 0.709141 (n/a)b
Lomas del Mar East (M) AB93-71-P5,6 Coral 0.709145 (n/a)b
Lomas del Mar West (M) CJ95-54 Bivalve 0.709061 ( l l )c
Lomas del Mar West (M) CJ95-54 Bivalve 0.709050 (10)c
Rio Banano, Middle River (RB) DP95-07-05 Bivalve 0.708819 (9)c
Rio Banano, Middle River (RB) DP95-07-05 Bivalve 0.708832 ( l l )c
a LSU Lab Standard (1 sigma): NSB 987 ( 87/86 Sr )= 0.710259 (2); Seawater = 0.709177 (6) 
b S. Schellenberg (1994); NSB 987 ( 87/86 Sr )= 0.710257 (14) 
c LSU Lab Standard (1 sigma): NSB 987 ( 87/86 Sr )= 0.710255 (9)
60
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 3 
NUMERICAL ANALYSIS OF OSTRACODE ASSEMBLAGES
To assist in the process of developing a paleoenvironmental interpretation 
for the late Pliocene and Pleistocene of the Limon Basin, several analyses were 
conducted in order to extract information not readily apparent from inspection of 
census data and to avoid employing pre-existing notions of sample groupings. To 
this end, three sets of analyses are described in this chapter: species diversity 
analysis, cluster analyses (using both proportion and presence/absence data), and a 
modem analog analysis. The methods involved in these techniques are described in 
full in each section.
3.1 S p e c i e s  D i v e r s i t y  A n a l y s i s
Ostracode diversity in samples collected from the Limon area represent the 
product of a complex process during deposition of sediments. On one hand, the 
natural diversity of an ostracode assemblage is obscured by the transport and 
incorporation of reworked fossil ostracodes into a site that results in an increase of 
observed diversity. Selective preservation, on the other hand, results in a decrease 
of observed diversity. This decrease in diversity is a result of the breakage and/or 
dissolution o f thin-shelled ostracode species during transport, compaction, and 
diagenesis of the sediment, as well as breakage of more fragile species during the 
laboratory preparation of the samples (Pokomy, 1971; Dodd and Stanton, 1990).
Recovery of a sample of ostracode specimens large enough to be 
representative of the fossil ostracode assemblage is crucial to paleoenvironmental
61
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reconstruction. In a plot of species richness for ostracode assemblages in Recent 
North Atlantic shallow-water and deep-water samples, the minimum sample size for 
an approximation of ostracode diversity is on the order of 300-400 specimens for 
Recent shelf environments and 150-200 specimens in deep-water environments 
(Benson, 1975). Rarefaction curves of Recent ostracode assemblages from a variety 
o f environments show that for the Recent shelf environment the slope of the 
rarefaction curve begins to approach zero between 200-300 individuals (Benson, 
1975).
The sample split size for the present study was standardized to 50 grams of dry 
matrix. All ostracodes were picked from the > 150 micron sieved fraction. The 
number of specimens (N) recovered from samples in this study varied greatly, with N 
ranging from 6 to 2457 (Fig. 3.1.1). Eighty-four o f 150 samples in this study contain 
N > 200; 67 samples have N > 300 individuals. Thirty-six samples in the study 
contain < 100 ostracode valves. In many cases, this low recovery of valves may be 
due to the selective preservation problems mentioned above. However, in the 
remaining samples, the low valve recovery may be due to increased sedimentation 
rates or ecological factors.
Species richness, S, is the number of species recognized in a sample and is the 
simplest measure of diversity. The number of species recognized within a sample is a 
function of the number of individuals examined (N). Whereas some workers (Hayek 
and Buzas, 1997) standardize N during the collection, or picking phase (i.e. they pick 
the first 200-500 specimens they encounter from a sample), in the present study the 
weight of the sample was standardized. N in this study represents the number of
62
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specimens recovered from 50 g of dry (original) unwashed material, which was 
determined sufficient to yield approximately 300 ostracode valves. Occasionally, 
samples contained considerably larger numbers o f ostracode specimens and required 
the use of a sample splitter. A smaller sample fraction was picked for 21 samples in 
this study. Splitting of the samples made necessary the calculation of an ostracode 
valve density value (N/g), which standardizes N based on the weight of the original 
unwashed sample material and provides a means of comparing ostracode "density" of 
the samples. While some environmental settings might require the exacting measures 
outlined above in order to distinguish among the biofacies, the differences among the
m
O oo o ©© o ©o ©© 00 oo PM
PM©
©
00 ©
—  —  PM PM CM
number of recovered specimens
Figure 3.1.1. Histogram of ostracode valve recovery for 50-g samples in this study. 
The columns represent a range in the number of specimens recovered from each 
sample. The numbers at the top of each column represent the number of samples 
that fell within the column's range of recovered specimens. For example, the first 
column indicates that 36 samples each contained from 0-100 specimens. Note a 
shift in scale on the ordinate axis.
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biofacies represented by samples from the Limon area is so great that these biofacies 
are most often recognizable from presence-absence data taken by itself.
Taxa identified to species level were used in diversity calculations. The 
following considerations were made prior to calculation o f the indices: I) taxa groups 
potentially containing more than one species were not considered (these groups are 
noted by "spp." in Appendix A.2), 2) unidentified specimens were not considered. 
These steps were taken to assure that the resulting indices values would be 
comparable between samples, while it is recognized that at best they (slightly) 
underestimate species diversity.
A large number of diversity indices are in use by researchers today (Magurran, 
1988; Dodd and Stanton, 1990; Hayek and Buzas, 1997). Three indices, Shannon - 
Wiener Information Function (H), Buzas and Gibson's E, and Pielou's J, were 
calculated. Shannon's Information Function takes into account both the number of 
species and their proportions in the sample. The equation for the Shannon - Wiener 
Information Function (H) is
H = - X pi ln(pi),
where p/ is the proportion of the ith species in the sample and "In" is the natural log 
base. In this diversity index, the amount each species contributes to the value of H 
depends on its proportion in the assemblage. Rare and highly abundant species have 
only a small effect on the value of H, while species with proportions in the middle 
range influence H more heavily (Buzas, 1972; Gibson and Buzas, 1973; Hayek and 
Buzas, 1997). The maximum value of H occurs when all relative abundances are 
equal, while low values of H indicate that only a few taxa dominate the assemblage. H
64
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reaches its maximum value when H = ln(S). Therefore, the more species represented 
in the sample, and the more evenly distributed they are, the higher the value of H will 
be. An additional attribute of H is that it minimizes the problems of comparing 
diversity in different sized samples (different values of N) because increase in the 
number of species with increasing sample size occurs mainly by the addition of rare 
species, in which case the value of H is little affected (Gibson and Buzas, 1973).
Another diversity index of interest is a measure of evenness in the distribution 
of the species in the assemblage. Two evenness indices were calculated for the data 
matrix: Pielou’s J (Pielou, 1966) and Buzas and Gibson’s E (Buzas and Gibson,
1969). Pielou’s J is represented by the equation
J = H / ln(S),
where H is the Shannon-Wiener Information Function, “In" is the natural logarithm, 
and S is the species richness. Recall that Hmax = ln(S), so J is a simple ratio of H to 
Hmax for a given sample. Values of this species equitability estimate can range from 
0 to 1.0, with lower values of J indicating samples dominated by few taxa, and higher 
values of J indicating samples in which proportions of various taxa are more nearly 
equal. Buzas and Gibson’s E, another measure o f evenness, is represented by the 
equation
E = eH / S.
In this equation “e” is the natural logarithm base, H is the Shannon-Wiener 
Information Function, and S is the species richness. This value also ranges between 0 
and 1.0 , with higher values indicating samples in which the species are more evenly 
distributed (Buzas, 1972; Hayek and Buzas, 1977).
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The average values for each of the diversity indices are given in Table 3.1.1. 
Diversity indices for individual samples are given in Table 3.1.2. The ostracode 
valve density (N/g) averages 12.6 valves/g for this study. The highest valve density 
occurred in samples from the Rio Banano - Bomba (AB93-73) and the Lomas del Mar 
- West (CJ95-54) localities. The lowest valve density values occurred in many of the 
heavily recrystalized coral-rich samples and in the Rio Banano - Middle River and 
Bomba River sections. The average species richness for this study is 20.7 species (S), 
Table 3.1.1. Average diversity values for this study. ______
N N/g S H E J
346.1 12.6 20.7 1.82 0.38 0.63
with the highest species richness value occurring in samples with higher valve 
densities. The highest species richness, 52 species, occurs in a Rio Banano - Quitaria 
section (AB93-69-03), which has a valve density value of 49.1 valve/g. The average 
Shannon Information Index (H) value for the study is 1.82. Two samples share the 
highest H (H = 2.84) and are found in the Quebrada Chocolate - Waterfall section 
(AB93-67-06, 08). This high value of H indicates that a large number o f species (45 
and 37, Quitaria and Waterfall sections, respectively) are represented and that the 
relative proportions are evenly distributed among the species of these assemblages. 
The average value for this study for Buzas and Gibson's E is E = 0.38 - which would 
be an indication that, overall, species' proportions are generally poorly distributed.
For samples with N > 230, E is highest for samples from the CTA Fence locality 
(AB93-70) and the Quebrada Chocolate - Waterfall (AB93-67) (average E = 0.56 and
66
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Table 3.1.2. Diversity indices for samples from the Limon Basin. Taxa identified to 
species level were used in calculations. RB = Rio Banano Formation, QC = 
Quebrada Chocolate Formation, M = Moin Formation. N = number of valves 
recovered.
Fm. Locality Sample N N'g S H E J
QC Brasso Sec AB93-05-P3 52 10 13 2.24 0.72 0.87
RB Rio Banano - Bomba, N. bank CJ89-22-05 1070 21.4 34 2 J 5 0.31 0.67
RB Rio Banano - Bomba, N. bank CJ89-22-06 297 5.9 29 1.90 0.23 0.56
RB Rio Banano - Bomba. N. bank 089-22-07 35 0.7 13 1.90 0.51 0.74
RB Agua - Rio Banano - n. bank 089-26-02 615 12.3 32 2.30 0.31 0.66
RB Agua - Rio Banano • n. bank 089-25-01 864 17.3 24 2.12 0.35 0.67
RB Rio Banano -  Quitaria CJ89-21 -03 361 7.2 23 1.56 0.21 0.50
RB Rio Banano -  Quitaria AB93-69-I8 133 2.7 22 2.43 0.52 0.79
RB Rio Banano -  Quitaria AB93-69-I7 397 7.9 33 2.23 0.28 0.64
RB Rio Banano -  Quitaria AB93-69-16 175 3.5 30 2.49 0.40 0.73
RB Rio Banano -  Quitaria AB93-69-15 313 6.3 32 2.34 0.33 0.68
RB Rio Banano -  Quitaria AB93-69-14 272 5.4 28 2.54 0.45 0.76
RB Rio Banano -  Quitaria AB93-69-13 156 3.1 19 1.79 0.32 0.61
RB Rio Banano -  Quitaria AB93-69-12 324 6.5 23 1.64 0.22 0.52
RB Rio Banano -  Quitaria AB93-69-11 126 2.5 9 1.06 0.32 0.48
RB Rio Banano -  Quitaria AB93-69-I0 1284 25.7 35 1.74 0.16 0.49
RB Rio Banano -  Quitaria AB93-69-09 137 2.7 16 1.81 0.38 0.65
RB Rio Banano -  Quitaria AB93-69-08 520 10.4 38 2.29 0.26 0.63
RB Rio Banano -  Quitaria AB93-69-07 398 8.0 32 2.24 0.29 0.65
RB Rio Banano -  Quitaria AB93-69-06 349 7.0 33 2.46 0.36 0.70
RB Rio Banano -  Quitaria AB93-69-05 234 4.7 30 2.26 0.32 0.66
RB Rio Banano -  Quitaria AB93-69-04 384 7.7 33 2.35 0.32 0.67
RB Rio Banano -  Quitaria AB93-69-03 2457 49.1 52 2.56 0.25 0.65
RB Rio Banano -  Quitaria AB93-69-02 449 23.9 38 2.52 0.33 0.69
RB Rio Banano -  Quitaria AB93-69-01 386 15.4 27 2.26 0.35 0.68
RB Rio Banano - Lime Grove DP96-I5-01 154 3.1 23 2.35 0.45 0.75
RB Rio Banano - Lime Grove DP96-15-02 407 8.1 23 2.34 0.45 0.75
RB Rio Banano - Lime Grove DP96-15-03 539 10.8 28 2.01 0.27 0.60
RB Rio Banano - Lime Grove DP96-15-04 349 27.9 30 2.45 0.39 0.72
RB Rio Banano - Middle River DP95-07-OI 50 1.0 12 2.01 0.62 0.81
RB Rio Banano • Middle River DP95-07-02 23 0.5 5 1.41 0.82 0.87
RB Rio Banano - Middle River DP95-07-03 46 0.9 10 1.68 0.54 0.73
RB Rio Banano - Middle River DP95-07-04 292 5.8 29 2.19 0.31 0.65
RB Rio Banano - Middle River DP95-07-05 192 3.8 18 1.75 0.32 0.60
RB Rio Banano - Middle River DP95-07-06 2017 40.3 35 2.38 0.31 0.67
RB Rio Banano - River, Bomba DP95-02-0I 6 0.1 3 0.96 0.87 0.88
RB Rio Banano • River, Bomba DP95-02-02 48 1.0 16 0 .0 1 0.06 0.00
RB Rio Banano - River, Bomba DP95-02-03 119 2.4 21 2.34 0.49 0.77
RB Rio Banano - River, Bomba DP95-02-04 101 2.0 16 2.07 0.50 0.75
RB Rio Banano - River, Bomba DP95-02-05 212 4.2 22 1.94 0.32 0.63
RB Rio Banano - River, Bomba DP95-02-06 73 1.5 9 1.39 0.45 0.63
RB Rio Banano - River, Bomba DP95-02-07 44 0.9 9 1.73 0.63 0.79
RB Rio Banano - River, Bomba DP95-02-08 142 2.8 22 2.22 0.42 0.72
RB Rio Banano - River, Bomba DP95-02-09 59 1.2 10 1.74 0.57 0.76
RB Rio Banano - River, Bomba DP9S-02-10 22 0.4 4 1.17 0.80 0.84
RB Rio Banano - River, Bomba DP95-02-11 53 1.1 11 1.48 0.40 0.62
RB Rio Banano - River, Bomba DP95-02-12 106 2.1 16 2.06 0.49 0.74
RB Rio Banano - River, Bomba DP95-02-13 62 1.2 9 1.33 0.42 0.61
RB Rio Banano - River, Bomba DP95-02-I4 109 2.2 9 1.40 0.45 0.64
(continued on next page)
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Table 3.1.2, Diversity indices.
Fm. Locality Sample N N/e S H E J
RB Rio Banano -  Bomba AB93-73-02 1121 22.4 39 2.57 0.33 0.70
RB Rio Banano -  Bomba AB93-73-03 720 230.4 40 2.64 0.35 0.72
RB Rio Banano -  Bomba AB93-73-04 628 100.5 35 2.51 0.35 0.71
RB Rio Banano -  Bomba DP95-0I-10 24 0.5 8 1.61 0.62 0.77
RB Rio Banano -  Bomba CJ89-20-01 455 9.1 27 1.97 0.27 0.60
RB Rio Banano -  Bomba CJ89-20-05 445 8.9 32 2.47 0.37 0.71
QC Santa Rosa Road ditch AB95-06-OI 246 4.9 16 1.87 0.41 0.67
M Santa Rosa Road Donut AB95-02-01 13 0.3 2 0.55 0.87 0.80
QC Moin Port Road Gully DP96-18-01 519 10.4 21 1.98 0.35 0.65
QC Quebrada Chocolate - Waterfall AB93-67-PI 343 6.9 28 2.41 0.40 0.72
QC Quebrada Chocolate - Waterfall AB93-67-P2 65 1.3 14 2.21 0.65 0.84
QC Quebrada Chocolate - Waterfall AB93-67-P3 72 1.4 17 2.57 0.77 0.91
QC Quebrada Chocolate * Waterfall AB93-67-P4 25 0.5 8 1.74 0.71 0.84
QC Quebrada Chocolate - Waterfall AB93-67-P5 275 5.5 24 2.11 0.34 0.66
QC Quebrada Chocolate - Waterfall AB93-67-P6 765 15.3 45 2.84 0.38 0.75
QC Quebrada Chocolate -  Waterfall AB93-67-P7 542 21.7 39 2.43 0.29 0.66
QC Quebrada Chocolate -  Waterfall AB93-67-P8 508 10.2 37 2.84 0.46 0.79
QC Quebrada Chocolate - CTA (Rt 32) CJ95-56-02 116 2.3 21 2.35 0.50 0.77
QC Quebrada Chocolate - Road -  W. fork CJ95-53-OI 460 9.2 10 1.32 0.38 0.57
QC Quebrada Chocolate - Route 32 DP96-13-03 385 7.7 17 1.82 0.36 0.64
QC Quebrada Chocolate - Route 32 DP96-13-04 566 11.3 21 1.88 0.31 0.62
QC Quebrada Chocolate - Route 32 DP96-13-05 109 2.2 5 1.15 0.63 0.71
QC Quebrada Chocolate - Route 32 DP96-13-06 43 0.9 6 1.13 0.52 0.63
QC CTA Fence AB93-70-01 892 17.8 11 1.79 0.54 0.74
QC CTA Fence AB93-70-02 333 6.7 11 1.95 0.64 0.81
QC CTA Fence AB93-70-03 313 6.3 13 1.98 0.56 0.77
QC CTA Fence AB93-70-O4 745 29.8 12 1.85 0.53 0.74
QC CTA Fence AB93-70-05 442 8.8 13 1.84 0.49 0.72
QC CTA Fence AB93-70-06 178 3.6 12 1.80 0.50 0.72
QC CTA Fence AB93-70-07 243 4.9 11 1.90 0.61 0.79
QC CTA Fence AB93-70-08 399 8.0 13 1.85 0.49 0.72
QC CTA Fence AB93-70-O9 46 0.9 8 1.82 0.77 0.87
QC CTA Fence AB93-70-10 1494 59.8 19 2.17 0.46 0.74
QC CTA Fence AB93-70-11 13 0.3 0 0.00 - -
QC CTA Fence AB93-70-12 67 1.3 I 0.10 - -
QC CTA Fence AB93-70-13 24 0.5 0 0.00 - -
QC CTA Fence AB93-70-14 32 0.6 0 0.00 - -
QC CTA Fence AB93-70-15 55 1.1 5 1.10 0.6 0.68
M Moin Apt Complex AB93-72-08 12 0.2 1 0.21 - -
QC Basketball court AB95-04-01 254 5.1 15 1.78 0.4 0.66
M Los Laurel CJ89-35-OI 358 7.2 22 1.34 0.17 0.43
M Truck Terminal CJ89-36-02 175 3.5 9 0.79 0.25 0.36
QC Moin Flat Field AB93-34-02 51 1.0 10 1.94 0.69 0.84
QC Moin R at Field AB93-34-03 24 0.5 4 0.75 0.53 0.54
Q C Moin R at Field AB93-56-03 145 2.9 9 1.56 0.53 0.71
QC La Colina Truck Stop AB93-38-02 7 0.1 2 0.64 0.95 0.92
M Rt. 32 Stadium AB93-41 -01 102 2.0 13 1.20 0.25 0.47
M Mollusk Heaven -  revisited CJ95-48-01 217 4.3 9 0.74 0.23 0.34
M Rt. 32 Mollusk Heaven AB93-59-0I 374 10.0 10 0.73 0.21 0.32
QC Rt. 32 Chiquita Gate AB93-60-01 655 13.1 14 1.93 0.49 0.73
M Rt. 32 Claystones AB93-61-01 516 13.8 20 1.64 0.26 0.55
M Cemetery DP96-03-0I 1313 26.3 51 2.63 0.27 0.67
(continued on next page)
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Table 3.1.2. Diversity indices.
Fm. Locality Sample N N/g S H E J
M Graveyard CJ89-16-0I 104 2.1 11 1.58 0.44 0.66
M Graveyard CJ89-I6-02 344 6.9 21 1.76 0.28 0.58
M Graveyard CJ89-I6-03 598 12.0 37 2.38 0.29 0.66
QC H&H Transport DP96-09-01 1575 31.5 29 2.10 0.28 0 6 2
QC Rt. 32 Guard Hut Lot DP96-10-01 798 16.0 14 1 44 0.30 0.55
QC Stylophora Hiil DP96-I2-01 112 2.2 10 1.79 0.60 0.78
QC Manacina Meadow DP96-17-01 195 3.9 9 1.41 0.46 0.64
M Cangrejos Creek CJ89-I8-01 183 3.7 22 2.09 0.37 0.68
M Cangrejos Creek CJ89-I8-02 67 1.3 11 1.43 0.38 0.60
M Cangrejos Creek CJ89-I8-03 492 9.8 38 2.33 0.27 0.64
M Cangrejos Creek CJ89-18-04 650 13.0 46 2.78 0.35 0.73
M Cangrejos Creek CJ89-18-05 217 4.3 24 2.57 0.54 0.81
M Cangrejos Creek CJ89-18-06 170 3.4 27 2.47 0.44 0.75
M Cangrejos Creek CJ89-18-07 168 3.4 23 2.01 0.32 0.64
M Cangrejos Creek CJ89-18-08 65 1.3 21 2.37 0.51 0.78
M Cangrejos Creek CJ89-18-09 118 2.4 26 2.60 0.52 0.80
M Cangrejos Creek CJ89-I8-10 141 2.8 20 2.12 0.42 0.71
M Cangrejos Creek CJ89-18-11 139 2.8 15 1.44 0.28 0.53
M Cangrejos Creek CJ89-18-12 349 7.0 31 2.58 0.43 0.75
M Lomas del Mar East ‘93 AB93-71-02 238 4.8 16 1.62 0.32 0.59
M Lomas del Mar East '93 AB93-71-03 86 1.7 14 1.45 0.30 0.55
M Lomas del Mar East '93 AB93-71-04 889 35.6 29 1.40 0.14 0.42
M Lomas del Mar East ‘93 AB93-7I-05 238 4.8 26 1.53 0.18 0.47
M Lomas del Mar East '89 CJ89-17-01 461 9.2 33 1.72 0.17 0.49
M Lomas del Mar East '89 CJ89-17-08 281 5.6 12 1.13 0.26 0.45
M Lomas del Mar East '92 CJ92-06-12 51 1.0 9 1.12 0.34 0.51
M Lomas del Mar East '92 CJ92-06-13 90 1.8 6 0.83 0.38 0.46
M Lomas del Mar East '92 CJ92-06-14 149 3.0 10 1.01 0.27 0.44
M Lomas del Mar East '92 CJ92-06-18 313 6.3 21 1.45 0.20 0.48
M Lomas del Mar East '92 CJ92-06-19 300 6.0 30 2.31 0.34 0.68
M Lomas del Mar East '95 CJ95-46-01 109 22 20 2.00 0.37 0.67
M Lomas del Mar East '93 DP95-04-01 337 6.7 40 2.14 0.21 0.58
M Lomas del Mar West CJ95-54-01 578 23.1 34 2.38 0.32 0.67
M Lomas del Mar West CJ95-54-02 1107 88.6 44 2.28 0.22 0.60
M Lomas del Mar West CJ9S-54-03 567 45.4 43 2.61 0.32 0.69
M Lomas del Mar West CJ95-54-04 617 24.7 40 2.32 0.25 0.63
M Lomas del Mar West CJ95-54-05 358 57.3 24 1.86 0.27 0.58
M Lomas del Mar West CJ95-54-06 304 48.6 35 2.43 0.33 0.68
M Lomas del Mar West CJ95-54-07 414 66.2 34 2.18 0.26 0.62
M Lomas del Mar West CJ95-54-08 560 89.6 29 2.18 0.31 0.65
M Lost W atch DP96-01-02 29 0.6 8 1.65 0.65 0.79
M Lost Watch DP96-0I-01 261 5.2 15 1.60 0.33 0.59
M Septic Tank DP96-02-01 207 4.1 27 2.08 0.30 0.63
M Av. Barricuda AB93-22-02 215 4.3 24 1.93 0.29 0.61
M Av. Barricuda AB93-22-03 8 0.2 1 0.26 - -
M Av. Barricuda -  Fence AB93-47-01 560 11.2 26 1.53 0.1 0.47
M Av. Barricuda -  Dorms AB93-65-01 527 42.2 35 2.28 0.28 0.64
M Av. Barricuda -  Dorms AB93-66-01 103 2.1 15 1.80 0.40 0.66
M Sea Terrace DP96-07-01 583 46.6 45 2.01 0.17 0.53
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0.50, respectively). The average for Pielou’s J is 0.63. This evenness index suggests 
a more even distribution of species proportions than does the Buzas and Gibson’s E 
index. This observation holds for most samples in the study and is due to the 
mathematical formulation of these indices. When the two measures are compared for 
individual samples, the indices mirror each other, with E generally less than J. In 
order to aide discussion, simple statistics (mean, minimum, maximum, range) were 
calculated for the diversity indices (S, H, E, J and N/g) for ten important stratigraphic 
sections (Table 3.1.3).
Rio Banano Formation Diversity Indices. Visual inspection of the Rio Banano 
assemblage slides reveals that most samples have one to three ostracode species that 
dominate the assemblage, hence confirming the low evenness values (E and J) (Fig.
3.1.2). The Rio Banano -  Quitaria section, which has the lowest average value of E, 
contains large numbers of Puriana sp. D. Moving upsection, Puriana sp. D gradually 
disappears and is replaced by other various dominant species, as for example, sample 
AB93-69-03 (N=2457, S=52), which includes large numbers of Orionina boldi, 
Paracytheridea tschoppi, Radimella confragosa, and Touroconcha lapidiscola. The 
middle portion of the section shows a drop in diversity (H), from around H=2.4 to 
H=1.6 and is due to the relatively low N/g values (Table 3.1.2).
The assemblages of the Lime Grove section are similar in composition to the 
lower Quitaria section, and this similarity is reflected in the diversity indices as well. 
This section contains relatively large numbers of Puriana sp. D, although these 
numbers are slightly smaller than those o f the Quitaria section. This is reflected in the 
overall low E and J values, which are just slightly higher than the Quitaria section. It
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T a b le  3 .1 .3 . Summary of diversity indices for eleven stratigraphic sections from 
the Limon area.
A B 9 3-69-1 /18 Rio B anano -  Q uitaria
D P96-15-1 / Rio B anano - L im e G rove
D P 9 5 -0 7 -I/6  Rio B anano - M iddle River
D P95-02-1/1 Rio B anano - R iver, B om ba
A B 93-73-2 /4  Rio B anano - B om ba
A B 9 3 -6 7 -1 /8 Q uebrada C h o co la te  -  W aterfall
D P96-13-3 /6  Q uebrada C h o co la te  - Route 32
A B 93-70-1 /10  CTA Fence
A B 9 3 -7 1 -2/5 Lomas del M a r E ast '93
C J9 5 -5 4 -1/8 Lomas del M ar W est
C J8 9 -1 8 -1 /I2  C angrejos C reek
average m in im u m m axim um range
N/g 10.70 2 .5 2 49.14 46 .62
S 2 9 .44 9 52 43
H 2.17 1.06 2.56 1.50
E 0.33 0 .1 6 0.52 0.35
J 0.65 0 .48 0.79 0.31
N /g 12.48 3 .08 27.92 24.84
S 2 6 .00 23 30 7
H 2.29 2.01 2.46 0.44
E 0.39 0 .2 7 0.45 0.19
J 0.71 0 .6 0 0.75 0.14
N/g 8.73 0 .4 6 40.34 39.88
S 18.17 5 35 30
H 1.90 1.41 2.38 0.98
E 0.49 0.31 0.82 0.51
J 0 .72 0 .6 0 0.87 0.27
N/g 6.51 0 .1 2 40.34 40 .22
S 12.64 3 22 19
H 1.56 0.01 2.34 2.33
E 0.49 0 .06 0.87 0.81
J 0.67 0 .0 0 0.88 0.87
N/g 117.7 2 2 .42 230.40 207.98
S 38.00 35 40
H 2.57 2.51 2.64 0.12
E 0.35 0 .33 0.35 0.02
J 0.71 0 .7 0 0.72 0.01
N/g 7.84 0 .5 0 21.68 21.18
S 26.50 8 45 37
H 2.40 1.74 2.84 1.10
E 0.50 0 .29 0.77 0.48
J 0.77 0.66 0.91 0.24
N/g 5.52 0 .86 11.32 10.46
S 12.25 5 21 16
H 1.50 1.13 1.88 0.75
E 0.46 0.31 0.63 0.32
J 0.65 0 .62 0.71 0.10
N/g 14.65 0 .92 59.76 58.84
S 12.30 8 19 11
H 1.90 1.79 2.17 0.39
E 0.56 0 .4 6 0.77 0.31
J 0.76 0 .72 0.87 0.16
N/g 11.70 1.72 35.56 33.84
S 21.25 14 29 15
H 1.50 1.40 1.62 0.22
E 0.23 0.14 0.32 0.18
J 0.51 0 .4 2 0.59 0.17
N/g 55.44 2 3 .1 2 89.60 66.48
S 35.38 2 4 44 20
H 2.28 1.86 2.61 0.75
E 0.28 0 .2 2 0.33 0.10
J 0.64 0 .5 8 0.69 0.11
N/g 4.60 1.30 13.00 11.70
S 25.33 11 46 35
H 2.23 1.43 2.78 1.35
E 0.40 0 .2 7 0.54 0.27
J 0.70 0 .53 0.81 0.28
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Figure 3.1.2. Diversity indices for four Rio Banano Formation sections.
has slightly higher diversity (H) values than the lower and upper portions of the 
Quitaria section.
The lowest three samples of the Middle River section have very poor valve 
recovery (N<50), which explains the relatively low H. Species proportions are evenly 
spread across the few species, hence the high E and J values. The upper three samples 
contain larger numbers of valves and have higher S and H values (Table 3.1.2). Each 
of these samples contain around three to five dominant species, which vary from 
sample to sample, which is reflected in the low E and J values.
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The Bomba section has the highest average N/g values of all the sections, with 
117.7 valves per gram (as compared to N/g= 10.7 for the Quitaria section). It's low E 
and J values are the result of large numbers of Radimella (Radimella ovata in AB93- 
73-02/03 and Radimella sp. A in AB 93-73-04) and Loxocorniculum wilberti. Sample 
AB93-73-02 also contains large numbers of Cytheropteron dominicanum and AB93- 
73-04 contains large numbers of Perissocytheridea subrugosa and Xestoleberis sp. A. 
This section has also has the highest average H value (H=2.57).
Quebrada Chocolate Formation Diversity Indices. Samples from the 
Quebrada Chocolate Formation have consistently high evenness values, with J > 0.62 
and E (Fig. 3.1.3). The Quebrada Chocolate - Waterfall section has general high, but 
variable H values, with the average H = 2.40 and a range of 1.74 < H < 2.84. The 
samples can be divided into two groups based on their coral content. Samples AB93- 
67-1 and 6-8  are from siliciclastic sediments. These samples have high N and S 
values. Samples from the coral-rich sediments, AB93-67-2/5, have low N and S 
values.
The four samples of the Q. Chocolate - Rt 32 section can be divided into two 
groups. The lower samples, DP96-13-5/6, have low H values, due primarily to low N 
and S values. These samples came from clays in and around coral fronds and thus 
contained a large amount of coral debris in the matrix. Ostracodes recovered from 
this limited material were more evenly distributed than that of the upper samples. The 
upper samples, DP96-13-3/4, have higher N values and slightly higher S values than 
the two lower samples. The proportions of ostracodes in these samples are less
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Figure 3.1.3. Diversity indices for three Quebrada Chocolate sections.
evenly distributed among the species in these samples, with large numbers of 
Radimella confragosa, Paracytheridea tschoppi and Loxocomiculum spp.
The ostracode assemblages of the CTA Fence samples are very interesting in 
that they contain relatively few species (average S = 12.30) in evenly distributed and 
remarkably large numbers (average N/g = 14.65) (Table 3.1.2). This locality has 
remarkably consistent H values (average H = 1.90, range o f 1.79 < H <2.17) and has 
the highest average E value (E = 0.56) and second highest J value (J = 0.76) among all
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the stratigraphic sections. Among the most abundant species are Radimella 
confragosa, Paracytheridea tschoppi, Loxocomiculum oculocrista, Loxocomiculum 
fischeri, and Jugosocythereis pannosa.
Moin Formation Diversity Indices. Diversity statistics were generated for 
three Moin Formation sections, all from the Lomas del Mar Member (Fig. 3.1.4). 
They are characterized by variable, but generally high, diversity (H). Two of the 
sections, Lomas del Mar East 1993 and Lomas del Mar West, are from carbonate-rich 
deposits. Even though these two stratigraphic sections share similar depositional
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Figure 3.1.4, Diversity indices for three Moin Formation sections.
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environments, they display very different diversity statistics. Lomas del Mar West 
has much higher average valve density (N/g), diversity (H), richness (S), and slightly 
higher evenness values (E and J ) . The most striking difference is the difference in 
diversity (H). This is due in large part to the fact that Lomas del Mar West has an 
average S = 35.38, while Lomas del Mar East 1993 has an average S = 21.25.
The Cangrejos Creek section contains samples with high diversity, with the 
exception of two samples, CJ89-18-02 and 11 (Fig. 3.1.4). The low diversity of 
CJ89-18-02 is the result of small sample size (N=67, N/g = 1.3). For CJ89-18-11, the 
low diversity is due to a large number of Bradleya aff. B. (52.5% of the assemblage), 
as well as a relatively small sample size (N=139, N/g = 2.8). The remaining samples 
also have generally low valve densities (average N/g for the section, N/g = 4.60), but 
larger number of species were recovered (Fig. 3.1.4).
3.2 C l a s s if ic a t io n  o f  M a r in e  O s t r a c o d e  A s s e m b l a g e s
Methodology. Q-mode and R-mode cluster analyses were used (SYSTAT for 
Windows 5.03) to evaluate assemblage variations in fossil marine ostracodes 
recovered from the Limon area. The complete (raw) fossil data set consists of 157 
taxonomic categories of marine ostracodes identified from 150 samples (Appendix 
A.3). This data set was reduced to a working matrix consisting of 79 samples, all 
containing more than 230 specimens, and 55 taxa, each represented by > 2% in at 
least 2 samples in the matrix. Cluster analyses used the Euclidean distance 
(dissimilarity coefficient) measure and Ward's Minimum Variance Method (a 
hierarchical agglomerative method) to cluster, or link, the data. Ward's Method 
(Ward, 1963) was chosen over other methods (single, complete, and average linkage)
7 6
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as it produced the "cleanest" clusters. Ward's Minimum Variance Method is also 
known as the within-groups sum of squares or the error sum of squares (ESS) and 
tends to create clusters of relatively equal size and shape (Aldenderfer and Blashfield, 
1984). The method works by joining groups or samples that result in "the least 
increase in within-cluster dispersion" (Shi, 1993).
It has been said that abundance data provides a substantial gain over presence- 
absence data in the delineation of paleocommunities (Shi, 1993). Two Q-mode 
cluster analyses were conducted using the same ostracode taxa, the first using a 
relative percentage matrix, and the second, a presence-absence data matrix. Results 
o f these two cluster analyses are then compared to determine if relative abundance 
data provided a "substantial" gain in information.
Q mode classification using relative abundance data. Nine clusters were 
delineated by Q-mode cluster analysis (described above) of the working relative 
percentage matrix. The results are shown in the dendogram in Figure 3.2.1. The 
clusters are identified by the letters A-H. These clusters can be viewed as subsets of 
four larger clusters (termed "group" hereafter to avoid confusion with smaller 
subclusters), as indicated by the Roman numerals I-IV in Figure 3.2.1, Figure 3.2.2 
shows the distribution of cluster groups in the Limon area. Table 3.2.1 summarizes 
the following information: the number of samples in which each species is present 
within each cluster, the minimum relative abundance (in percent), the maximum 
relative abundance (in percent), and the average relative abundance (obtained by 
summing the relative abundance of each species and dividing by the number of 
samples in which it is present within the group; values are expressed in percent). The
7 7
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Figure 3.2.1. Dendogram of Q-mode cluster analysis o f working matrix containing 
relative percent data and using Euclidean distance and the Ward Minimum Variance 
Method to produce linkages.
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Figure 3.2.2. Map showing distribution of Q-mode (percent data) clusters. Letters 
correspond to clusters identified in Figure 3.2.1 and described in text.
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Table 3.2.1. Analysis of abundance data based on cluster groups of Figure 3.2.1. 
The number in the bottom row indicates the number of species present out of the 
55 taxa used in the working matrix. All percentages are rounded to the nearest 
tenth; hence, values listed as "0.0" indicate a relative abundance less than 0.05%.
G roup A G ro u p  B G roup  C G roup D
count mm % max % avc% count mm % max % ave count mm % max S t« N
Actinocythereis gomillionensis 10 0.0 4.7 1.9 2 0.4 0.5 0.5
Argilloecia barngonensi 1 0.2 0.2 0.2
Basslerites minutus 20 0.4 18.3 4.8 3 0.4 7.8 4.1 1 3.0 3.0 3.0
Basslerites cf. B. cuspidalus 15 0.1 14.1 3.3 I 0.2 0.2 0.2
Bradleya aff. B. accepiabilis 1 0.1 0.1 0.1
Cativella pulleyi 18 0.2 5.6 2.3 4 0.2 0.8 0.5 1 l.I l.l 1.1
Caudites nipeensis 13 0.1 3.8 1.0 4 2.3 6.4 4.0 1 2.4 2.4 2.4
Coquimba fissispinata 13 0.1 3.3 0.9 3 0.1 3.7 1.4
Costa variabilicoslata recticostala 10 0.2 2.3 1.0 2 0.4 0.7 0.5
Cytheropteron dominicanum 20 0.1 11.0 2.6 4 1.3 11.2 6.3
Cytfteropteron wardensis 1 0.1 0.1 0.1
Gangamocytheridea? plicata 6 0.1 1.0 0.4
Hermanites homibrooki 1 0.2 0.2 0.2 1 2.4 2.4 2.4
Hulingsina sp. A 0.8 11 0.2 4.9 2.0
Hulingsina aff. H. tuberculata 11 0.2 2.4 1.2 4 0.4 1.5 1.0
Jugosocythereis pannosa 4 0.0 0.7 0.4 2 0.0 1.7 0.9 I 4.5 4.5 4.5
Kanganna quellita 15 0.2 1.7 0.7 3 0.4 1.9 1.1
Kangarina depressa 4 0.1 2.9 0.9 4 0.2 1.5 0.6
Krithe sp. A
Krithe sp. B
Loxoconcha wilberti 5 0.2 23.4 10.9 4 5.3 11.9 8.7
Loxocomiculum dorsotuberculatum 18 0.0 7.8 2.6 4 0.2 0.8 0.5
Loxocomiculum fischeri 0.3 20 0.4 13.7 4.8 3 0.4 1.7 1.0
Loxocomiculum oculocrista 0.5 12 0.1 7.9 2.9 1 0.2 0.2 0.2 1 0.4 0.4 0.4
Megacythere johnsoni 0.3 4 0.3 3.1 1.6 1 20.2 20.2 20.2
Munseyella bermudezi 1 0.4 0.4 0.4
Occultocythereis angusia 16 0.1 1.3 0.5 1 0.1 0.1 0.1
Orionina boldi 7 0.2 4.7 1.7 1 0.7 0.7 0.7 1 2.8 2.8 2.8
Orionina vaughani 5 0.1 2.6 0.8 3 0.6 2.8 2.0 2 0.4 0.7 0.5
Paracytheridea calcilrapa 4 0 4 1.2 0.6 I 0.4 0.4 0.4
Paracytheridea edwardsi 13 0.2 3.9 1.7 4 0.9 2.9 1.5
Paracytheridea tschoppi 0.3 19 0.3 9.4 2.9 4 1.3 9.0 4.9 I 5.3 5.3 5.3
Paradoxosloma sp. B 11 0.4 3.9 1.9 1 0.3 0.3 0.3
Parakrithe alia
Pellucistoma howei 6.1 22 0.4 11.4 5.9 4 2.9 5.1 3.7
Perissocytheridea subrugosa 17 0.2 15.6 3.0 4 0.2 17.1 5.6 1 41.9 41.9 41.9
Perissocytheridea aff. P. rugata 4 0.3 1.0 0.6 2 15.4 46.1 30.8
Pumilocytheridea sandbergi 11 0.2 5.8 2.1 4 0.1 1.2 0.5
Puriana gaiunensis 22 0.3 14.2 3.7 4 0.3 6.6 2.4 1 4.9 4.9 4.9
Puriana aff. P. matthewsi 5.1 5 0.2 2.5 1.1 2 0.2 4.3 2.3
Puriana minuta 5 1.1 3.0 2.0
Puriana gatunensis (juveniles) 19 0.3 7.0 2.9 3 0.2 1.9 1.3
Puriana sp. D 7 0.1 14.0 3.1
Puriana aff. P. minuta (sp. F) 10 0.3 6.0 1.9 1 0.4 0.4 0.4
Puriana aff. P. minuta (sp. I) 6 1.2 8.3 4.5
Quadracythere howei 14 0.1 10.2 1.6 3 0.3 1.9 1.0
Radimella confragosa 21 0.4 17.7 7.2 3 1.8 3.3 2.7 1 1.2 1.2 1.2
Radimella ovata 13 1.1 47.0 3.6 4 17.5 47.0 29.0
Radimella aff. R. ovata I 0.8 0.8 0.8
Radimella wantlandi I 0.2 0.2 0.2
Radimella sp. A 4 0.1 7.6 3.5
Reussicythere reussi 77.3 1 11.9 11.9 11.9
Touroconcha lapidiscola 23 0.3 22.1 6.0 4 0.1 0.6 0.4
Triangulocypris laeva 5 0.2 3.8 2.5
Xestoleberis sp. A 16 0.2 14.3 4.8 4 2.4 12.6 72
number o f  species in group 8 51 34 16
(continued on next page)
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Table 3.2.1. Analysis of percent data based on cluster groups o f  Figure 3.2.1 (con't).
Actinocythereis gomillionensis 
Argilloecia barrigonensis 
Basslerites minutus 
Basslerites cf. B. cuspidalus 
Bradleya aff. B. acceptabilis 
Cativella pulleyi 
Caudites nipeensis 
Coquimba fissispinata 
Costa variabilicostata recticostata 
Cytheropteron dominicanum 
Cylheropteron wardensis 
Cangamocytheridea? plicata 
Hermaniles hornibrooki 
Hulingsina sp. A 
Hulingsina aff. H. tuberculata 
Jugosocythereis pannosa 
Kangarina quellila 
Kangarina depressa 
Krithe sp. A 
Krithe sp. B 
Loxoconcha wilberti 
Loxocomiculum dorsotuberculalum 
Loxocomiculum fischeri 
Loxocomiculum oculocrista 
Megacythere johnsoni 
Munseyella bermudezi 
Occuhocythereis angusta 
Orionina boldi 
Orionina vaughani 
Paracytheridea calcitrapa 
Paracytheridea edwardsi 
Paracytheridea tschoppi 
Paradoxostoma sp. B 
Parakrithe aha 
Pellucistoma howei 
Perissocytheridea subrugosa 
Perissocytheridea aff. P. rugata 
Pumilocytheridea sandbergi 
Puriana gatunensis 
Puriana aff. P. matthewsi 
Puriana minuta 
Puriana gatunensis (juveniles) 
Puriana sp. D
Puriana aff. P. minuta (sp. F) 
Puriana aff. P. minuta (sp. I) 
Quadracythere howei 
Radimella confragosa 
Radimella ovata 
Radimella aff. R. ovata 
Radimella wantlandi 
Radimella sp. A 
Reussicythere reussi 
Touroconcha lapidiscola 
Triangulocypris laeva 
Xestoleberis sp. A
Croup E Group F G roup G
count min % *nax % 4VC % count nun % mu % 1W*. count Mm % man % ave
5 0.8 3.0 1.9
7 3.2 10.9 6.1 5 0.3 2.9 1.5
9 0.6 14.8 6 3
1 0.3 0.3 0.3 9 0.8 7.2 2.9
8 0.6 25.8 10.9 8 0.3 14.0 3.0
4 0.7 4.6 2.0 7 0.2 2.1 0.7 7 0.4 2.1 1.3
3 1.9 3.7 3.0 12 0.4 12.1 3.6 4 0.2 0.9 0.4
3 0.2 1.2 0.7 5 0.2 2.6 1.0 2 0.2 1.0 0.6
2 0.2 0.4 0.3 7 0.1 7.6 2.2 2 0.2 0.8 0.5
5 0.4 5.1 1.9 12 0.1 21.6 5.4 7 0.2 1.8 0.6
3.5 20.3 7.4 8 0.2 5.0 2.1 2 0.2 0.2 0.2
3 0.2 0.3 0.3 3 0.4 2.2 1.1
3 0.2 0.3 0.2 6 0.3 4.2 1.6 1 0.4 0.4 0.4
3 0.1 0.3 0.2 4 0.5 1.6 0.9
2 0.4 0.4 0.4 6 0.1 2.0 0.7 7 0.1 1.5 0.6
4 0.3 1.4 0.7 9 0.1 9.7 2.9 I 0.6 0.6 0.6
6 0.3 3.8 1.9 11 0.3 4.4 2.1 4 0.3 1.2 0.5
2 0.2 0.7 0.4 8 0.2 3.2 1.5
9 2.6 19.5 9.0 11 0.3 5.8 2.5
6 0.6 21.0 7.2 1 2.3 2.3 2.3
3 0.1 0.3 0.2
7 0.3 2.4 0.9 13 0.2 14.7 2.5 5 0.3 3.7 1.8
6 0.5 7.3 2.8 8 0.1 3.1 1.0 9 0.5 4.8 2.2
7 0.2 2.0 1.0 6 0.3 1.0 0.7 2 0.3 0.5 0.4
I 0.2 0.2 0.2
8 1.4 13.0 6.3 10 0.3 4.7 2.2 1 0.1 0.1 0.1
4 0.2 1.9 0.9 12 0.2 3.1 1.2 6 0.2 0.3 0.2
I 1.6 1.6 1.6 9 0.6 5.0 2.5
3 0.2 4.5 1.7 1 0.8 0.8 0.8
4 0.4 2.3 1.3 9 0.5 5.2 2.3
4 0.2 1.4 0.6 3 0.3 2.2 1.0 7 0.3 0.8 0.4
7 0.4 3.2 1.4 10 0.2 3.0 1.4 5 0.3 1.5 0.7
1 1.0 1.0 1.0 6 0.1 0.6 0.3 8 0.8 2.6 1.7
5 1.0 8.0 2.8 2 0.3 0.8 0.5
1 0.2 0.2 0.2 11 0.2 2.8 0.8 9 2.2 11.9 4.9
2 0.2 0.6 0.4 3 0.2 1.5 0.6
2 0.5 0.6 0.6
5 1.1 2.2 1.6
1 0.5 0.5 0.5 10 0.1 5.9 1.6 9 1.0 10.6 5.0
1 0.3 0.3 0.3
I 0.3 0.3 0.3 1 0.2 0.2 0.2
4 0.2 0.7 0.5 2 0.3 1.0 0.7 6 0.4 5.1 2.6
1 0.3 0.3 0.3 9 19.7 48.8 30.5
6 0.6 1.3 0.9
1 5.4 5.4 5.4
6 0.2 1.4 0.6 5 0.1 2.3 0 .6 6 0.3 4.2 1.7
8 1.3 8.5 4.6 11 1.0 9.9 5.5 9 0.5 5.1 3.1
3 0.8 1.8 1.3
7 0.4 8.3 3.9 13 0.3 32.4 15.2
5 0.3 3.3 1.6 6 0.1 0.5 0.3 9 1.1 9.2 4.0
6 0.2 18.1 5.8 7 0.2 4.6 1.8 9 0.3 9.2 4.2
number o f  species in group 37 42 38
(continued on next page)
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Table 3.2.1. Analysis of percent data based on cluster groups o f Figure 3.2.1.
C roup  H C roup I
count mm % max % ave% count mm % man % avc S
Actinocythereis gomillionensis
Argilloecia barrigonensis 1 0.6 0.6 0.6
Basslerites minutus 1 0.3 0.3 0.3
Basslerites cf. B. cuspidalus I 0.2 0.2 0.2
Bradleya aff. B. acceptabtlis 1 0.4 0.4 0.4
Cativella pulleyi
Caudites nipeensis 9 1.5 18.2 7.0 7 1.3 7.5 3.0
Coquimba fissispinata 3 0.2 1.0 0.6
Costa variabilicostata recticostata
Cytheropteron dominicanum 1 0.5 0.5 0.5 2 0.4 1.4 0.9
Cytheropteron wardensis 1 0.4 0.4 0.4
Cangamocytheridea? plicata 9 0.2 6.2 2.5 7 0.2 2.0 0.8
Hermanites homibrooki 2 0.3 0.5 0.4
Hulingsina sp. A
Hulingsina aff. H. tuberculata 1 0.2 0.2 0.2
Jugosocythereis pannosa 9 6.3 35.5 18.5 7 0.4 5.6 2.7
Kangarina quellita 1 0.9 0.9 0.9 6 0.6 3.4 2.1
Kangarina depressa 1 1.1 I.l 1.1 4 0.1 2.0 0.7
Krithe sp. A 1 1.4 1.4 1.4
Krithe sp. B I 0.5 0.5 0.5
Loxoconcha wilberti
Loxocomiculum dorsotuberculatum 9 0.2 13.5 6.5 9 2.0 15.9 8.4
Loxocomiculum fischeri 2 0.2 0.3 0.2 4 5.1 10.6 8.2
Loxocomiculum oculocrista 8 3.4 15.3 7.7 7 0.4 19.5 9.5
Megacythere johnsoni 1 0.3 0.3 0.3
Munseyella bermudezi
Occultocythereis angusla 1 0.4 0.4 0.4 5 0.3 2.1 1.1
Orionina boldi 3 0.4 1.3 0.7 3 0.7 1.3 I.l
Orionina vaughani 7 0.3 2.9 1.1 4 0.4 2.2 0.9
Paracytheridea calcitrapa 2 1.1 2.0 1.5 7 2.5 23.9 8.4
Paracytheridea edwardsi 4 0.2 1.8 0.8
Paracytheridea tschoppi 8 13.2 33.3 23.7 6 I.l 15.4 8.4
Paradoxostoma sp. B I 0.3 0.3 0.3
Parakrilhe alia
Pellucistoma howei
Perissocytheridea subrugosa 8 1.2 6.0 3.1 1 1.5 1.5 1.5
Perissocytheridea aff. P. rugata
Pumilocyiheridea sandbergi
Puriana gatunensis
Puriana aff. P. matthewsi 2 0.6 1.4 1.0 1 0.8 0.8 0.8
Puriana minuta
Puriana gatunensis (juveniles) 1 0.3 0.3 0.3
Puriana sp. D
Puriana aff. P. minuta (sp. F)
Puriana aff. P. minuta (sp. I) 1 0.4 0.4 0.4
Quadracythere howei 7 0.2 10.8 4.6 7 0.1 16.7 5.3
Radimella confragosa 9 3.1 29.7 16.7 9 22.9 39.9 29.5
Radimella ovata
Radimella aff. R. ovata I 0.7 0.7 0.7 1 3.9 3.9 3.9
Radimella wantlandi 1 12.3 12.3 12.3 I 3.6 3.6 3.6
Radimella sp. A 1 0.7 0.7 0.7
Reussicylhere reussi
Touroconcha lapidiscola I 0.2 0.2 0.2 2 0.4 3.4 1.9
Triangulocypris laeva
Xestoleberis sp. A I 9.3 9.3 9.3 3 0.4 2.2 1.0
number o f species in group 27 33
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descriptions below summarize the following information: dominant species (species 
present in larger %), species common to the cluster (considered here to be present in 
at least 75% of the samples in the cluster), species unique to the cluster, and 
stratigraphic distribution.
The samples of Group I are primarily from the Quebrada Chocolate and Rio 
Banano Formations and constitute Clusters A - D (Fig. 3.2.1). As described in detail 
below, Clusters A and D samples are characterized by the lowest diversity of all 
samples studied, and are dominated by unusually large percentages of "rare" of 
ostracodes, (e.g. Reussicythere reussi, Perissocytheridea rugata). Clusters B and C 
are very similar to one another, sharing many o f the same common species. They are 
distinguished from one another by the higher diversity of Cluster B and by the 
presence of three or four dominant ostracode species in Cluster C.
Cluster A consists of a single sample (AB93-59-01) that contains three 
dominant species: Reussicythere reussi (77%), Puriana aff. P. matthewsi (5%), and 
Pellucistoma howei (6%). This sample belongs to the lagoon facies of the Moin 
Formation.
Cluster B contains twenty-three samples with the following common species: 
Basslerites minutus, Cativella pulleyi, Cytheropteron dominicanum, Loxocomiculum 
fischeri, Loxocomiculum dorsotuberculatum, Paracytheridea tschoppi, Pellucistoma 
howei, Perissocytheridea subrugosa, Puriana gatunensis, Radimella confragosa, and 
Touroconcha lapidiscola. This cluster represents the most taxonomically diverse 
group, with 51 of 55 taxa represented from the working matrix. Dominant ostracodes 
include Pellucistoma howei, Radimella confragosa and Touroconcha lapidiscola.
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Stratigraphically, the cluster is comprised of a mixture of samples from all three 
formations found in the Limon area, with the majority of the samples coming from the 
Rio Banano Formation. These samples are primarily those from siliciclastic-rich 
horizons (i.e., non-carbonate horizons) of the Quebrada Chocolate Formation.
Cluster C contains four samples with the following common species: 
Basslerites minutus, Cativella pulleyi, Caudites nipeensis, Coquimba fissispinata, 
Cytheropteron dominicanum, Hulingsina aff. H. tuberculata, Kangarina quellita, 
Kangarina depressa, Loxoconcha wilberti, Loxocomiculum dorsotuberculatum, 
Orionina vaughani, Paracytheridea edwardsi, Paracytheridea tschoppi, Pellucistoma 
howei, Perissocytheridea subrugosa, Pumilocytheridea sandbergi, Puriana 
gatunensis, Quadracythere howei, Radimella confragosa, Radimella ovata, 
Touroconcha lapidiscola, and Xestoleberis sp. A. This cluster is characterized by a 
consistent assemblage of ostracodes: 24 of the 34 species occurring within this group 
are common to 75% of the samples within the group. The two dominant ostracodes of 
Cluster C include: Loxoconcha wilberti and Radimella ovata. Three of the four 
samples that constitute Cluster C are from the type section of the Rio Banano 
Formation; the fourth sample is from the Middle River section of the formation.
Cluster D is composed of two samples from the Quebrada Chocolate 
Formation. These samples have only three species in common: Neocaudites scottae, 
Orionina vaughani, and Perissocytheridea aff. P. rugata. This cluster has the second 
lowest diversity of all the groups, with only 16 species. This cluster is unique in that 
its ostracode assemblages contain an average of 31% Perissocytheridea aff. P. rugata.
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Group II is composed of samples from the Moin Formation. Group II contains 
Clusters E and F. These groups are very similar to one another, but differ in that 
Cluster E contains a larger relative percentage of Argilloecia barrigonensis , Bradleya 
aff. B. acceptabilis, Cytheropteron wardensis, and Munseyella bermudezi, and Group 
C contains a larger relative percentage o f Radimella confragosa and Radimella aff. R. 
ovata.
Cluster E contains nine samples from the Moin Formation; three from the type 
section at Cangrejos Creek and six from the Lomas del Mar Member. These samples 
contain the following common species: Argilloecia barrigonensis, Bradleya aff. B. 
acceptabilis, Cytheropteron wardensis, Krithe sp. A, Loxocorniculum Jtscheri, 
Loxocorniculum oculocrista, Munseyella bermudezi, Paracytheridea tschoppi, 
Radimella confragosa, and Radimella aff. R. ovata. The dominant ostracodes of this 
group include Argilloecia barrigonensis, Bradleya aff. B. acceptabilis, Krithe sp. A, 
Cytheropteron wardensis, and Munseyella bermudezi. Thirty-seven of the 55 species 
in the working matrix occur within this group.
Cluster F is composed of thirteen samples from the Moin Formation, most 
from the Lomas del Mar Member. Common species include: Caudites nipeensis, 
Cytheropteron dominicanum, Kangarina quellita, Krithe sp. A, Loxocorniculum 
fischeri, Munseyella bermudezi, Occultocythereis angusta, Paracytheridea tschoppi, 
Pellucistoma howei, Puriana gatunensis, Radimella confragosa, Radimella aff. R. 
ovata. These samples are dominated by Radimella aff. R. ovata, with Cytheropteron 
dominicanum and Radimella confragosa also occurring in large numbers.
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Group III is composed only o f Cluster G. It shares many species with Clusters 
B, C, and I, but is dominated by the presence o f Puriana sp. D, whereas the other 
groups are dominated by species o f Radimella. Cluster G is composed of nine 
samples from the Rio Banano Formation: eight from the Rio Banano Quitaria section 
and one from the Rio Banano Lime Grove section. Common species include 
Basslerites minutus, Basslerites cf. B. cuspidatus, Cativella pulleyi, Cytheropteron 
dominicanum, Hulingsina aff. H. tuberculata, Loxocorniculum dorsotuberculatum, 
Paracytheridea edwardsi, Pellucistoma howei, Puriana gatunensis, Puriana sp. D, 
Radimella confragosa, Touroconcha lapidiscola, and Xestoleberis sp. A. Dominant 
species include Puriana sp. D, Basslerites minutus, Puriana gatunensis and 
Pellucistoma howei.
Group IV includes Clusters H and I, whose samples are mostly from the 
Quebrada Chocolate Formation. Group IV is characterized by high relative 
percentages of Radimella confragosa and Radimella ovata, as well as 
Loxocorniculum fischeri and Loxocorniculum oculocrista. Cluster H is distinguished 
from Cluster I by its higher relative percentages o f Paracytheridea tschoppi and 
Jugosocythereis pannosa.
Cluster H is composed of nine samples from the Quebrada Chocolate 
Formation, seven from the Quebrada Chocolate Waterfall section. Common species 
include Caudites nipeensis, Gangamocytheridea ? plicata, Jugosocythereis pannosa, 
Loxocorniculum fischeri, Loxocorniculum oculocrista, Orionina vaughani, 
Paracytheridea tschoppi, Perissocytheridea subrugosa, Quadracythere howei, and 
Radimella confragosa. Dominant species include Caudites nipeensis,
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Jugosocythereis pannosa, Loxocorniculum fischeri, Loxocorniculum oculocrista, 
Paracytheridea tschoppi and Radimella confragosa.
Cluster I includes of nine samples: seven from the Quebrada Chocolate 
Formation and two from the Moin Formation, Lomas del Mar Member. Species 
common to this group include Caudites nipeensis, Gangamocytheridea? plicata, 
Jugosocythereis pannosa, Loxocorniculum fischeri, Loxocorniculum oculocrista, 
Paracytheridea calcitrapa, Quadracythere howei, and Radimella confragosa. 
Dominant species include Loxocorniculum fischeri, Loxocorniculum oculocrista, 
Paracytheridea calcitrapa and Radimella confragosa.
Q-mode classification using presence-absence data. Eight clusters were 
delineated by Q-mode cluster analysis (described above) o f the presence-absence data 
from the working matrix and are shown in the dendogram in Figure 3.2.3, The 
clusters are indicated by the numbers 1-8. These eight clusters are subsets of two 
larger groups, as indicated by the Roman numerals I and II in Figure 3.2.3. For 
clarity, the two large clusters are termed "group" and the subclusters are termed 
"cluster" in the following discussion. Table 3.2.2 summarizes the number of samples 
in which each species is present within each of the eight clusters. The number in the 
bottom row indicates the number of species present (within a cluster) out of the 55 
taxa used in the working matrix. The descriptions below summarize the following 
information: species common to the cluster (considered here to be present in at least 
75% o f the samples within a given cluster), species unique to the cluster(s) or group, 
and stratigraphic distribution of the cluster or group.
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Figure 3.2.3. Dendogram of Q-mode cluster analysis of working matrix containing 
presence-absence data and using Euclidean distance and the Ward Minimum 
Variance Method to produce linkages.______________________________________
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discussed in text.
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Table 3.2.2. Analysis of presence-absence data based on cluster groups of Figure 
3.2.3. The number of samples within which each species occurs is shown in the 
table. The total number of samples in each cluster is noted in parentheses at the
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8
(23) (5) (5) (9) (12) (5) (12) (8)
A clinocythereis gomillionensis 14 2 1
Argilloecia barrigonensis 1 3 7 3
Basslerites minutus 2 5
Basslerites cf. B. cuspidatus IS I 5 1 1 1
Bradleya afT. B. acceptabilis 1 4 8 5
Cativella pulleyi 19 5 3 3 1 7 3
Caudites nipeensis 11 5 4 9 6 10 8
Coquimba fissispinata 10 3 4 4 2 5 1
Costa variabilicostata recticostata 9 2 3 1 5 3
Cytheropteron dominicanum 19 5 5 3 1 12 6
Cytheropteron wardensis 2 1 9 4
Gangamocytheridea? plicata 2 4 9 4 1 8
Hermanites hornibrooki I I 2 1 3 6
Hulingsina sp. A 10 4 2 3
Hulingsina aff. H. tuberculata 16 5 1 I 6 2
Jugosocythereis pannosa 3 3 I 9 5 1 7 8
Kangarina quellita 14 4 4 4 3 10 7
Kangarina depressa 2 5 I 2 6 7
Krithe sp. A 5 11 5
Krithe sp. B 5 2 1
Loxoconcha wilberti 7 5
Loxocorniculum dorsotuberculatum 20 4 5 1 8 5 9 1
Loxocorniculum fischeri 14 5 5 9 9 4 11 8
Loxocorniculum oculocrista 7 I 5 9 10 4 6 3
Megacythere johnsoni 3 1 3 1
Munseyella bermudezi 2 4 12 2
Occultocythereis angusta 18 2 3 3 1 10 8
Orionina boldi 3 1 4 3 4 6 4
Orionina vaughani 3 4 I 8 5 3 1
Paracytheridea calcitrapa 2 1 8 2 6 8
Paracytheridea edwardsi 13 5 4 6 3 3 1
Paracytheridea tschoppi 16 5 5 9 8 5 11 ■i
Paradoxostoma sp. B 15 1 4 4 4
Parakrithe alia 5 1 1
Pellucistoma howei 22 5 5 4 1 8 3
Perissocytheridea subrugosa 14 5 3 9 3 2
Perissocytheridea afT. P. rugata 3 3 2
Pumilocytheridea sandbergi 14 4 2
Puriana gatunensis 22 5 5 4 8 3
Puriana aff. P. matthewsi 1 2 3 2 3 1
Puriana minuta 2 4 1
Puriana gatunensis (sp. C) 17 4 5 3 2 3 1
Puriana sp. D 16 1
Puriana aff. P. minuta (sp. F) 14 1 2
Puriana aff. P. minuta (sp. I) 3 4 1
Quadracythere howei 15 4 2 8 8 4 5 2
Radimella confragosa 21 4 5 9 10 4 11 7
Radimella ovata 15 5
Radimella aff. R. ovata 1 3 12 7
Radimella wantlandi 1 I 1
Radimella sp. A 3 2
Reussicythere reussi 1 1
Touroconcha lapidiscola 23 5 5 5 4 6 2
Triangulocypris laeva 4 1
Xestoleberis sp. A 22 5 2 2 5 6 4
number o f  species in group 42 34 46 17 39 32 41 36
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Group I is composed almost entirely of samples from the Rio Banano and 
Quebrada Chocolate Formations. These samples, without exception, are comprised of 
siliciclastic-rich, carbonate-free sediments. Unique to Group I are occurrences of 
Loxoconcha wilberti, Pumilocytheridea sandbergi, Puriana aff. P. minuta and 
Radimella ovata. Almost all occurrences of the following species also occur in Group 
I: Basslerites minutus, Basslerites cf. B. cuspidatus, Puriana sp. D, Puriana aff. P. 
minuta, and Triangulocypris laeva. Samples contained in Group II are from the 
Quebrada Chocolate and Moin Formations. Most samples were collected from 
carbonate-rich sediments, though a few were from well-sorted siliciclastic sediments. 
Unique to Group II were occurrences of Krithe sp. A, Krithe B, and Parakrithe alta. 
Almost all occurrences of the following species were in Group II: Argilloecia 
barrigonensis, Bradleya aff. B. acceptabilis, Cytheropteron wardensis, Hermanites 
hornibrooki, Munseyella bermudezi, Paracytheridea calcitrapa, and Radimella aff. R. 
ovata.
Thirty species occur in at least one sample of the clusters within Group I. 
Species common to Group I include: Cytheropteron dominicanum, Loxocorniculum 
dorsotuberculatum, Pellucistoma howei, Puriana gatunensis, Radimella confragosa, 
and Touroconcha lapidiscola. Clusters 1 and 2 also contain species Basslerites 
minutus, Cativella pulleyi, and Xestoleberis sp. A.
Group H clusters have only eight shared species, much fewer than the 30 
shared species of Group I. Common species in Group II clusters are Radimella 
confragosa and Loxocorniculum fischeri. Group II can be further subdivided into 
Group Ha and lib (Fig. 3.2.3), Group Ila is composed of samples from the Quebrada
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Chocolate Formation, whereas Group lib is composed of samples only from the Moin 
Formation, most o f  which are from the Lomas del Mar Member. Group Ila (Cluster 
4), whose ostracode assemblages are distinct and will be described in further detail 
below, contains the common species Loxocorniculum fischeri, Loxocorniculum 
oculocrista, and Radimella confragosa. Group lib (Clusters 5-8) contains the 
common ostracode species Caudites nipeensis, Cytheropteron dominicanum, 
Kangarina quellita , Loxocorniculum fischeri, Occultocythereis angusta, Radimella 
confragosa , and Radimella aff. R. ovata.
Each of the eight clusters has a distinct ostracode assemblage. Cluster 1 is 
composed of 23 samples from the Rio Banano Formation, and contains most of the 
samples from the lowest part of the formation considered herein, the Quitaria and 
Lime Grove sections (Fig. 1.2.2). These samples contain ostracode assemblages with 
the following common species: Basslerites minutus, Basslerites cf. B. cuspidatus, 
Cativella pulleyi, Cytheropteron dominicanum, Loxocorniculum dorsotuberculatum, 
Occultocythereis angusta, Pellucistoma howei, Puriana gatunensis, Radimella 
confragosa, Touroconcha lapidiscola and Xestoleberis sp. A. Cluster 1 also contains 
most of the occurrences of Actinocythereis gomillionensis, Puriana sp. D (all but one 
other sample), and Puriana aff. P. minuta , and is only one of two clusters that contain 
the species Loxoconcha wilberti (the other being Cluster 2).
Cluster 2, composed of 5 samples, is similar in many ways to Cluster 1, but 
the samples that comprise this cluster are from stratigraphically higher sections of the 
Rio Banano Formation (mostly the Bomba sections). The assemblages of Cluster 2 
contain 34 of the 55 taxa in the working matrix, and 23 of these 34 taxa can be
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considered common in the cluster: Basslerites minutus, Cativella pullevi, Caudites 
nipeensis, Cytheropteron dominicanum, Hulingsina aff. H. tuberculata, Kangarina 
quellita, Kangarina depressa, Loxoconcha wilberti, Loxocorniculum fischeri, 
Loxocorniculum dorsotuberculatum, Orionina vaughani, Paracytheridea edwardsi, 
Paracytheridea tschoppi, Pellucistoma howei, Perissocytheridea subrugosa, 
Pumilocytheridea sandbergi, Puriana gatunensis, Quadracythere howei, Radimella 
confragosa, Radimella ovata, Touroconcha lapidiscola and Xestoleberis sp. A.
Cluster 3 contains samples from two localities, the Pueblo Nuevo Cemetery 
locality (Moin Formation, lagoon facies) and the upper portion of the Quebrada 
Chocolate Waterfall locality (Quebrada Chocolate Formation). Common species to 
these samples are: Basslerites cf. B. cuspidatus, Caudites nipeensis, Coquimba 
fissispinata, Cytheropteron dominicanum, Gangamocytheridea? plicata, Hulingsina 
sp. A, Kangarina quellita, Loxoconcha oculocrista, Loxocorniculum fischeri, 
Loxocorniculum dorsotuberculatum , Orionina boldi, Paracytheridea edwardsi, 
Paracytheridea tschoppi, Paradoxostama sp. B, Pellucistoma howei, Puriana 
gatunensis, Puriana aff. P. minuta, Radimella confragosa, Touroconcha lapidiscola 
and Triangulocypris laeva. In addition, this is one of only two clusters that contains 
Reussicythere reussi and Radimella sp. A.
Cluster 4 contains the fewest number of ostracode species (17 species). Eight 
of the nine samples are from a single outcrop, the CTA Fence locality, and the ninth is 
from the Chiquita Gate locality, just a short distance to the east (Fig. 3.2.4). All of the 
samples are assigned to the Quebrada Chocolate Formation and were collected from 
coral-rich sediments. The nine samples within this cluster contain ten common
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species: Caudites nipeensis, Gangamocytheridea? plicata, Jugosocythereis pannosa, 
Loxocorniculum fischeri, Loxocorniculum oculocrista, Orionina vaughani, 
Paracytheridea tschoppi, Perissocytheridea subrugosa, Quadracythere howei, and 
Radimella confragosa.
Cluster 5 is composed of twelve samples primarily from the Quebrada 
Chocolate Formation and several samples from the lagoonal facies of the Moin 
Formation. Six of the samples (labeled 5a in Fig. 3.2.3), including the samples from 
the Moin Formation are from carbonate-poor, siliciclastic-rich sediments. The other 
six samples (labeled 5b) were collected from carbonate-rich sediments. Although 39 
species are represented in samples of Cluster 5, only three species were common: 
Loxocorniculum fischeri, Loxocorniculum oculocrista, and Radimella confragosa. 
This cluster is one of only two that contain occurrences of Radimella sp. A and 
Reussicythere reussi (both of which occur in subcluster 5a). Additionally, ostracode 
assemblages of Subcluster 5 a have the following species (whereas subcluster 5b 
contains none of them): Perissocytheridea subrugosa, Perissocytheridea rugata, 
Pellucistoma howei, Megacythere johnsoni, Basslerites minutus and Cativella pulleyi. 
Conversely, subcluster 5b, but not 5a, contains occurrences of Gangamocytheridea? 
plicata, Kangarina quellita, Kangarina depressa, and Occultocythereis angusta.
Cluster 6  is composed of five samples, all of which are from the Moin 
Formation, three of which are from the type section at Cangrejos Creek. This cluster 
contains the following common ostracodes: Bradleya aff. B. acceptabilis, 
Cytheropteron wardensis, Krithe sp. A, Krithe sp. B, Loxocorniculum fischeri, 
Loxocorniculum dorsotuberculatum, Loxocorniculum oculocrista, Munseyella
9 4
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bermudezi, Paracytheridea tschoppi, Parakrithe alta, Quadracythere howei, 
Radimella confragosa, Touroconcha lapidiscola, and Xestoleberis sp. A.
Cluster 7 contains twelve samples, all from the Moin Formation, and ten of 
which are from the Lomas del Mar Member. These samples contain the following 
common ostracodes: Caudites nipeensis, Cytheropteron dominicanum, Cytheropteron 
wardensis , Kangarina quellita , Krithe sp. A, Loxocorniculum fischeri, 
Loxocorniculum dorsotuberculatum, Munseyella bermudezi, Occultocythereis 
angusta, Paracytheridea tschoppi, Radimella confragosa, and Radimella aff. /?. 
ovata.
Cluster 8 contains eight samples, all but one from the Lomas del Mar Member 
of the Moin Formation. This cluster contains many of the same common ostracodes 
that are found in Clusters 6 and 7: Caudites nipeensis, Cytheropteron dominicanum, 
Jugosocythereis pannosa, Kangarina quellita, Kangarina depressa, Loxocorniculum 
fischeri, Occultocythereis angusta, Paracytheridea calcitrapa, Radimella confragosa, 
and Radimella aff. R. ovata.
Comparison of the results from the two Q-mode cluster analyses. The two 
cluster analyses used occurrence data in the form of relative percentage and presence- 
absence information. The results of the two analyses are remarkably similar. While 
agreement is not perfect, Table 3.2.3 indicates areas of correspondence between 
groups generated by the two sets of Q-mode cluster analyses. For example, two 
cluster from the Q-mode (percent) analysis, specifically groups B and E, are scattered 
through several clusters in the Q-mode (presence-absence) dendogram. Group B of 
the Q-mode (percent) analysis is contained mostly within the Q-mode (presence-
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absence) Group 1, with several samples occurring in Groups 3 and 5a. Group E of the 
Q-mode (percent) analysis is found scattered across the Q-mode (presence-absence) 
Groups 6 , 7, and 8 .
Table 3.2.3. General correspondence between percent and presence-absence 
cluster analysis dendogram groups. RB = Rio Banano Formation; QC = Quebrada 
Chocolate Formation, M = Moin Formation.__________________________________
Percent Presence-
cluster group Absence cluster Formation
group
B 1 (3) RB (mixed)
C 2 RB
D 5a QC
E 6 M
F 7 M
G l RB
H 4 QC
I 5b QC
The presence-absence clusters, Cluster I, Ha and Tib, generally correspond 
very well when compared to the formations that the samples are derived from.
Cluster I contains samples from the Rio Banano Formation, Cluster Ha contains 
samples from the Quebrada Chocolate Formation, Cluster lib contains samples from 
the Quebrada Chocolate Formation, and the Moin Formation. The same observation 
can be made for the Cluster from the percent cluster analysis, with Clusters I and III 
containing samples from the Rio Banano Formation, Clusters I and IV containing 
samples from the Quebrada Chocolate Formation, and Clusters I, II and IV containing 
samples from the Moin Formation. However, the clusters in the percent cluster 
analysis correspond better to the interpreted paleoenvironments, which will be 
discussed at greater length in the Chapter 4.
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R-mode classification of ostracode taxa. R-mode cluster analyses (using 
Euclidean distance as the dissimilarity coefficient and Ward's Minimum Variance 
Method) were run on the relative proportion data and the presence-absence data used 
in the R-mode analyses. The presence-absence data yielded more information. Six 
clusters were delineated by the R-mode analysis of the presence absence data and are 
shown in the dendogram in Figure 3.2.5.
Group A is composed of ostracodes that are common to all the groups 
described in the Q-mode (presence-absence) analysis discussed earlier. Thus, they are 
representative of neritic environments and are characteristic of modem carbonate 
environments. Interestingly, these ten species are common to the low diversity coral- 
rich samples of the CTA Fence locality (Cluster 4 of the Q-mode (presence-absence) 
analysis; Fig. 3.2.3),
Group B also contains ostracodes representative o f neritic environments and 
are found in almost all the groups of the Q-mode (presence-absence) analysis (Table
3.2.2). They are generally common to the Rio Banano Formation samples (Clusters 1 
and 2 of the Q-mode (presence-absence) analysis; Fig. 3.2.3). In fact, some o f the 
Group B ostracodes are only found in samples from the Rio Banano Formation, such 
as Actinocythereis gomillionensis, Radimella ovata , and Loxoconcha wilberti.
Group C contains ostracodes representative of the neritic environment. 
However, they are common to a larger number of samples from the coral lenses of the 
Lomas del Mar West locality of the Moin Formation (Clusters 7 and 8 of the Q-mode 
presence-absence data analysis; Fig. 3.2.3).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
0.000 EUCLJDE^N DISTANCE 5.000
Quadracrthere howei 
Loxocormculum oculocrista 
Perissocytheridea subrugosa 
Orionina vaughani 
Jugosocythereis pannosa 
Gangamocytheridea? plicata 
Caudites nipeensis 
Loxocorniculum fischeri 
Radimella confragosa 
Paracytheridea tschoppi 
Loxocorniculum dorsotuberculatum 
Touroconcha lapidiscola 
Xestoleberis sp. A 
Cytheropteron dominicanum 
Pellucistoma howei 
Puriana gatunensis 
Cativella pulleyi 
Occultocythereis angusta 
Kangarina quellita 
Coquimba fissispinata 
Paracytheridea edwardsi 
Puriana afT. P. gatunensis 
Basslerites cf. B. cuspidatus 
Basslerites minutus 
Paradoxostoma sp. B 
Hulingsina sp. A 
Puriana sp. D 
Puriana afT. P. minuta 
Actinocythereis gomillionensis 
Radimella crvata 
Loxoconcha wilberti 
Pumiiocxthendea sandbergi 
Hulingsina afT. H. tuberculata 
Costa variabilicostata recticostata 
Orionina boldi 
Hermanites hormbrooki 
Paracytheridea calcitrapa 
Kangarina depressa 
Bradleya afT. B. acceptabilis 
Krithe sp. A 
\funsexella bermudezi 
Radimella aff. R. ovata 
Cytheropteron wardensis 
Argilloecia barrigonensis 
Knthe sp. B 
Parakrithe aha 
Penssocstheridea alT. P. rugata 
Triangulocypris larva 
Megacvthere johnsont 
Rewisicvthere reussi 
Puriana minuta 
Radimella wantlandi 
Radimella sp. A 
Puriana cf. P. minuta 
Puriana afT. P. matthewsi
>i
3 - ,
3
3
Figure 3.2.5. Dendogram of R-mode cluster analysis of working matrix 
containing presence-absence data and using Euclidean distance and the Ward 
Minimum Variance Method to produce linkages.
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Groups D and E are ostracodes characteristic o f bathyal and lower neritic 
environments. They have also been identified in middle to inner neritic environments 
of the Venezuelan coast (Fithian, 1980). They are characteristic of the ostracode 
assemblages of Cangrejos Creek samples and the Lomas del Mar West samples of the 
Moin Formation (Clusters 7 and 8 of the Q-mode presence-absence analysis; Fig.
3.2.3),
Group F contains a mix ostracodes characteristic of neritic and brackish-water 
environments. They are characteristic of the Cemetery locality of the Moin 
Formation, as well as some of the siliciclastic-rich Quebrada Chocolate Formation 
samples (Clusters 3 and 5 of the Q-mode presence-absence analysis; Fig. 3.2.3).
3.3 M o d e r n  A n a l o g  A n a l y s i s
The identification of modem analogs is a procedure used to reconstruct 
paleoenvironments and paleoclimates. This approach, while relying on uniformitarian 
assumptions, provides an objective quantitative method for determining dissimilarity 
between samples. In this approach, fossil samples are compared to an array of 
modem samples representing a range of environments. A "match" between a fossil 
and modem sample suggests that the ecosystem around the modem sample site is an 
analog for the past ecosystem for the fossil sample (Hutson, 1980; Overpeck et al., 
1985; Cronin and Bceya, 1993). A measure of resemblance among samples can be 
approximated by calculating dissimilarity coefficients, which compares the two 
samples on the basis of the proportions of selected taxa contained in the two samples. 
In a comparison of dissimilarity coefficients, Overpeck et al. (1985) determined that 
all dissimilarity coefficients in their study yielded broadly congruent results.
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results. Following Overpeck et al. (1985) and Cronin and Ikeya (1993), the squared 
chord distance coefficient, a signal-to-noise coefficient, was chosen for use as the 
dissimilarity coefficient in this study.
Procedure. As the modem analog technique is most likely to succeed when 
extensive, representative collections o f modem data are used (Prentice, 1982; 
Overpeck et al., 1985). Three published articles (Teeter 1975, Krutak 1982, 
Kontrovitz, 1976), unpublished census data from the Panama shelf area and the 
eastern Caribbean (Cronin and Dowsett, unpublished data), and one dissertation 
(Fithian, 1980) were found to contain species census data and used in the modem 
analog analysis. Taxonomy was standardized among the studies and the species- 
level data were transformed into a generic-level database that was named the Modem 
Tropical Ostracode Database (MTOD). Because of the large number o f taxa present 
in tropical assemblages, the most common taxa were selected to form a subset of this 
large database (Table 3.3.1). Genera that occurred in < 5% of the samples and 
Table 3.3.1. Generic ostracode categories used in the Modem Analog Technique.
A c t in o c y th e r e is E u c y th e r u r a O c c u l to c y th e r e is
A m b o c y th e r e G a n g a m o c y th e r id e a O r io n in a
A r g i l lo e c ia H e m ic y th e r u r a P a r a c y th e r id e a
A u r i la H e r m a n i te s P e l lu c is to m a
bairdiids H u l in g s in a P e r is s o c y th e r id e a
B a s s le r i te s J u g o s o c y th e r e is P r o p o n to c y p r is
B r a d le y a K a n g a r in a P r o to c y th e r e t ta
B y th o c e r a t in a K e ij ia P s e u d o c e r a t in a
C a ll is to c y th e r e K r i th e P te r y g o c y th e r e i s
C a tiv e lla L o x o c o n c h a P u m i lo c y th e r id e a
C a u d ite s L o x o c o r n ic u lu m P u r ia n a
C o s ta M a c r o c y p r in a Q u a d r a c y th e r e
C y th e r e l la M e g a c y th e r e R a d im e l la
C y th e r e l lo id e a M o r k o v e n ia R e u s s ic y th e r e
C y th e r o p te r o n M u n s e y e l la T r ie b e lin a
C y th e r u r a N e o c a u d i te s X e s to le b e r is
E c h in o c y th e r e is
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averaged < 1 or 2 % were placed in a category entitled "rare" and were removed from 
the generic categories. Samples containing fewer than 90 specimens were then culled 
from the modified MTOD, reducing the number of samples in the MTOD from 361 to 
139. This process resulted in a modified MTOD containing 49 generic categories by 
139 samples. The raw count matrix was then transformed into a relative proportion 
matrix (Appendix B.l, values reported as percent). Each fossil sample was then 
compared to the modified MTOD using the squared chord distance dissimilarity 
coefficient (SCD):
dij=l K p ^ - i P j k )0 5}2 
where dy is the squared chord distance dissimilarity coefficient value between two 
ostracode samples i and j; p is the proportion (0 .0  <Pik < 1 0 ) o f ostracode taxa (k) in 
modem ostracode sample (/); and pjk is the proportion (0.0  < pjk < 1 .0 ) of ostracode 
taxa (k) in fossil ostracode sample (J). The resultant matrix was then sorted by the 
SCD for each fossil sample. A SCD value of zero indicates an exact match; a SCD 
value of < 0.15 represent a good match and a candidate for a modem analog for the 
fossil sample (Overpeck et al., 1985). In a study of ostracode assemblages off the 
coast of Japan, Cronin and Ikeya (1993) concluded that SCD values < 0.25 indicated 
analogs at an ecological level, and values between 0.25 and 0.5 indicated analogs at a 
faunal provincial level.
Modern Faunal Material. Crucial to the success of the Modem Analog 
Technique is the construction of the database used in the method. Although numerous 
studies of ostracode assemblages have been conducted within the Caribbean - Gulf of 
Mexico marine province, few authors have included census counts in their published
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papers. A literature survey of ostracode studies within this area produced three 
published articles (Teeter 1975; Krutak 1982; Kontrovitz 1976) and one dissertation 
(Fithian 1980) that contained ostracode census data. Although there are many other 
environmental studies published on ostracode distribution, they are not suitable for 
use in this analysis as the modem analog method relies on census data for comparison 
of the fossil and modem ostracode assemblages. Reported environmental data (water 
temperature, salinity, depth, substrate, date of collection, etc) varied greatly from 
author to author (Appendix B.2). Summaries of each study included in the MTOD 
follow.
Teeter (1975) studied modem marine postcard species from Belize (Fig. 3.3.1, 
site: T). He identified four major biofacies: bay, nearshore, main-lagoon, and 
carbonate platform. Each sample site within his study is assigned to one of these 
biofacies. Environmental information (salinity range, average salinity, depth range, 
average depth) for each biofacies is reported (see his Table 2 for summary of 
information). Specific environmental information for each sample site was not 
reported. Krutak (1982) investigated the modem ostracode assemblages of the 
Veracruz-Anton Lizardo reefs in the southwestern Gulf of Mexico (Fig. 3.3.1, site: 
KR). Included in his study are maps of environmental data (depth, salinity, pH, 
temperature, Eh and dissolved oxygen) for each of the 33 sample sites on the reef (see 
his Table 1 for summary of ecologic data). Kontrovitz (1976) studied 123 Holocene 
samples collected on the Louisiana Continental Shelf west of the Mississippi Delta 
(Fig. 3.3.1, site: K). He recognized five distinct ostracode assemblages that he related 
to water depth and sediment grain size. In addition, he recognized several individual
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Figure 3.3.1. Location map of modem marine ostracode studies in the Gulf of Mexico and Caribbean Sea. Cl-3: Cronin samples, 
unpublished data; F: Fithian (1980); KR: Krutak (1982); K: Kontrovitz (1976); P: Panama/ Cronin and Dowsett samples, 
unpublished data; T: Teeter ( 1975),
ostracode species as useful indicators o f water depth. For each of his station 
locations, Kontrovitz reported water depth and sediment texture. He also provided 
summaries of the sea surface temperature, salinity, turbidity, tides and waves, currents 
and sediments for the study area. Fithian (1980) studied the distribution and 
taxonomy of modem ostracodes from 147 stations on the Paria-Trinidad-Orinoco 
continental shelf (Fig 3.3.1, site: F). Environmental information reported in her 
dissertation include sediment type, water depth, and distance from shore. In addition 
to the above studies, unpublished census data from the Panama shelf area, the 
northern Caribbean islands, the Bahamas, the Florida continental shelf, and Cancun 
(T. M. Cronin and H. J. Dowsett, U.S. Geological Survey, unpublished data) were 
also included (Fig. 3.3.1, sites P, C l, C2, C3, C4, respectively). These represent 
isolated samples with only depth (and location) information associated with each 
sample. Appendix B.2 contains location, depth, and environmental information for 
each sample.
Modern Analog Technique results. In this project, the modem analog 
technique represents an effort at a first approximation in determining analogs and 
non-analogs for the Limon fossil assemblages. Very rarely do SCD values approach 
the "ideal" Overpeck et al. (1985) SCD value of < 0.15 (the lowest SCD value was 
0.212). The reasons for this are intuitive: 1) this analysis used a larger number of 
categories (49 as compared to 20), and 2) while close matches are possible, exact 
matches are not to be expected between Pliocene and modem samples. In addition, 
the modem studies reported depth, and seldom any other environmental parameters.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 3.3.2 summarizes the results of the analysis for each sample. This table 
gives the fossil sample number, formation name, and locality name for each fossil 
sample. Also, for each of the fossil samples, the "SCD" column shows the lowest 
SCD value and the "Modem Station" column gives the modem location having the 
most similar ostracode assemblage. The water depth of the Modem Station, its 
general location, and corresponding Map Code (refer to Fig. 3.3.1) are also given for 
each fossil sample. The average "best match", or lowest SCD value, for the 150 fossil 
localities considered herein was 0.641. The distribution of modem
In general, the lowest SCD values between the fossil and modem samples 
were with samples of the Buenos Aires Reef Member o f the Quebrada Chocolate 
Formation (especially the Quebrada Chocolate Waterfall, CTA Fence, and Primero 
Palmatto localities) and samples from the carbonate regions of the Bahamas and West 
Indies. The SCD values for these samples generally ranged from 0.4 - 0.5. Relatively 
high SCD values of > 0.9, indicating poor modem analogs, were obtained for many of 
the samples of the Rio Banano Formation and a few of the samples from the Moin 
Formation (i.e. Rt. 32 Truck Terminal and Mo Husk Heaven). This is not surprising 
because these samples represent assemblages that are quite distinct from samples in 
the MTOD, as lagoonal and deltaic assemblages are poorly represented in the MTOD. 
In addition, at least for the Rio Banano Formation samples, perhaps their Pliocene age 
is the one reason why there is not a closer match to one of the modem analog samples. 
Possibly the dissimilarity between the Rio Banano Formation samples and modem 
samples is an indicator of Pliocene oceanographic differences from the Modem 
Caribbean oceanographic conditions.
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Table 3.3.2. Table of squared chord values and closest modem analog location for Limon samples. Map Code refers to modem 
sample location map, Figure 3.3.1. _________
M ap  C o d e# S a m p le S C D F o rm a tio n L o ca lity M o d e rn  S ta tio n D e p th  (n i) G e n e r a l  L o c a tio n
I A U 93-05-P3 1)558 RB B rasso  Scco R-81 l)R 5 1 B ayah ibc, sou theast coast, D om in ican  R epublic
2 C J89-22-05 0 6 6 3 KB B om ba - (N  bank ) R -1571 89
3 C JR 9-22-06 0  901 RB B om ba - (N  bank ) R -I'anam a 8b 23.5 C h iriqu i, betw een  Isla I 'o p a / C ay  os X apalilla
4 C J89-22-07 0 8 2 3 KB B om ba - (N  bank) K -Panam a 8h 2 3 5 C h iriqu i, be tw een  Isla Pupa/ C ayos Xapalilla
5 C J89-26-02 0  609 KB A gua - (N  bank ) R-Sl. T hom as 1 V irg in  Islands
6 CJ89-25-O I 0 9 0 6 RB A gua - (N  bank) K -Panam a 8b 23 5 C hiriqu i, betw een  Isla I’o p a / C ayos X apalilla
7 C J8 9 -2 I-0 3 0  916 KB Q uiia ria K -Panam a 8b 23.5 C h iriq u i, b e tw een  Isla P opa/ C ayos Xapalilla
8 A B 93-69 -0 I 0 .700 KB Q uila rla R-St. T hom as 1 V irg in  Islands
9 AI193-69-02 0 5 4 0 KB Q uiiaria K -Panam a 15c 6 1 o ff  V alicn lc  P enn , S ha ikho le  P oint
10 A D 93-69-03 0 4 1 9 KB Q uila rla R -1554 55
II A U 93-69-04 0  557 RB Q uiiaria R-Sl. T hom as 1 V irgin  Islands
12 A B 93-69-05 0 6 3 2 KB Q uiiaria R -I5 7 I 89
13 A I193-69-06 0 4 9 3 KB Q uiia ria R-1571 89
14 A D 93-69-07 0  802 KB Q uiia ria R -I5 7 I 89
15 A H 93-69-08 0  792 KB Q uiia ria K -Panam a 8b 23.5 C h iriqu i, be tw een  Isla I’o p a /C a y o s  Xapalilla
16 A U93 -69-09 0  761 KB Q uiiaria K18 2.00 V eracruz R eef, M exico
17 A II9 3 -6 9 -I0 0  863 KB Q uiiaria K -Panam a 8h 23.5 C h iriqu i, betw een  Isla I’o p a /C a y o s  X apalilla
18 A B 9 3 -6 9 -I1 0 9 9 8 KB Q uiia ria R -P anam a 8b 23.5 C h iriqu i, betw een  Isla I’o p a / C ayos X apalilla
19 A B 9 3 -6 9 -I2 0 9 4 6 KB Q uiiaria R -Panam u 8h 23 5 C h iriqu i, betw een  Isla I'o p a / C ayos Xapalilla
20 A H 93-69 -I3 0 8 2 9 KB Q uiia ria K -Panam a 8b 23 5 C h iriq u i, be tw een  Isla I 'o p a / C ayos  Xapalilla
21 A B 9 3 -6 9 -I4 0 7 1 9 KB Q uiiaria K I8 2 00 V eracruz R eef, M exico
22 A II9 3 -6 9 -I5 0  727 KB Q uiia ria K 18 2 00 V eracruz R eef, M exico
23 A I193-69-I6 0 7 5 8 KB Q uiiaria R -1513 18
24 A II9 3 -6 9 -I7 0  774 KB Q uiia ria K -I'anam a Kb 23 5 C lu riqu i, betw een  Isla I 'o p a / C ayos Xapalilla
25 A H 93-69 -I8 0 8 2 4 KB Q uiia ria R-Sl T hom as 1 V irg in  Islands
26 1)1*96-15 01 0  833 KB lim e  G rove R-1571 89
27 1)1*96-15-02 0  808 KB l im e G rove K-Sl. Ib o m as 1 V irgin  Islands
28 D P 9 6 -I5 -0 3 0  821 KB l.im e (iro v e K -Panam a 8h 23 5 C h iriqu i, be tw een  Isla I’o p a /C a y o s  X apalilla
29 D l’96-15-04 0.720 KB l im e G rove R-1571 89
30 1)1*95-07-01 0 8 8 3 KB M iddle  R iver K -I'anam a 8b 23 5 C h iriqu i, betw een  Isla I 'o p a /C a y o s  Xapalilla
(c o n tin u e d )
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Table 3.3.2. Table of squared chord values and closest modem analog location for Limon samples (con't).
« Sample SCI) Formation Locality
31 DI’95-07-02 1 188 RD Middle River
32 1)1*95-07-03 0785 HD Middle River
33 DI’95-07 -04 0.572 RD Middle River
34 DP95-07-05 0742 RD Middle River
35 DI’95-07-06 0.774 RD Middle River
36 1)1*95-02-01 1 161 RII Dtimha River
37 |) l’954)2-02 0774 RD Domha River
38 DP95-02-03 0.491 RD Rumba River
39 DI‘95-02-04 0 653 RD Dunrba River
40 DP95-02-05 0.594 RD Domha River
41 1)1*95-02-06 0873 KD Dontba River
42 DI’95-02-07 0 847 RD Domha River
43 1)1*95-02-08 0.776 RD Uomba River
44 01*95-02-09 0.552 RD Dontba River
45 1 >1*95-02-10 1.122 RD Dontba River
46 1)1*95-02-11 0811 RD Domha River
47 DP95-02-12 0 639 RD Domba River
48 1)1*95-02-13 0 785 RD Dontba River
49 1)1*9502-14 1 010 RD Domba River
50 AD93-73-P2 0549 RD Dontba landslide
51 AR93-73-P3 0 616 RD Domha landslide
52 AH93-73-P4 0706 RD Domha landslide
53 Dl'95-fll-IO 0603 RD Domba 1 andshde
54 CJ89-20-0I 0 748 RD Domha
55 CJ89-204)5 0 521 RD Domba
56 AD95-06-01 0 600 RD S. Rosa Road ditch
57 AR95-02-0I 0421 RD S Rosa Road Donut
58 Dl’9 6 -I8 0 l 0 708 QC Port Road Golly
59 AH93-67-P1 0 360 QC Q. Chocolate Waterfall
60 AD93-67-P2 0 431 QC Q Chocolate Walei fall
M odern Station Depth (m) G eneral Location Map Code
R-I5I3 18 C3
H I 528 36
R-1571 89
R-Panama 8b 23.5 Chiriqui, between Isla Popa/Cayos Zapatilla
R-1571 89
1-1047 93 Guyana shelf, SI: of Orinoco della; Atlantic
R-i'anama 15c 6.1 off Valienlc I’enn, Sharkholc Point
R-1507 22
R-1571 89
R-Pananta 8b 23.5 Chiriqui, between Isla Popa/ Cayos Xapalilla
R-I’anama 8b 23.5 Chiriqui, between Isla Popa/ Cayos Zapatilla
R-I5I3 18
R-Patianta 8b 23.5 Chiriqui, between Isla Popa/ Cayos Zapatilla
R-Panama 8b 23.5 Chiriqui, between Isla Popa/ Cayos Zapatilla
R-I54I 66
R-1513 18
R-Panama 8b 23.5 Chiriqui, between Isla I’opa/Cayos Zapatilla
'160 main lagoon, liclizc
160 main lagoon, llcli/e
R-1571 89
R-1571 89
R-8IDRI7 I Puerto Plata, north coast, IXtntinican Republic C
R-1SS4 55
R-1571 89
R-Panama 8b 23.5 Chiriqui, between Isla I’opa/ Cayos Zapatilla
1550 Chctumal Ray, Delizc
R-1565 85
K2 0 51 Veracruz Reef, Mexico
R-8IDR5 I Dayahibe, southeast coast, Dominican Republic C
R-Acklins Island 0 3 Dahamas, Acklins Island
(c o n tin u e d )
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Table 3.3.2. Table of squared chord values and closest modem analog location for Limon samples (con't).
# Sample SCI) Formation Locality M odern Station Depth (m) General Location Map Code
61 AB93-67-P3 0.438 QC Q. Chocolate Waterfall R-Acklins Island 0 3 Bahama, Acklins Island C2
62 AB93-67-P4 0 491 QC Q. Chocolate Waterfall R-Acklins Island 0 3 Bahama, Acklins Island C2
63 AU93-67-l’5 0.288 QC Q. Chocolate Waterfall R-Acklins Island 0 3 Bahama, Acklins Island C2
64 AIJ93-67-P6 0485 QC Q Chocolate Waterfall R-1571 89 C2
65 AD93-67-P7 0 410 QC Q. Chocolate Waterfall R-St. Thomas 1 Virgin Islands Cl
66 AD93-67-P8 0514 QC Q. Chocolate Waterfall R-1571 89 C2
67 CJ95-56-02 0 325 QC Q. Chocolate - W. pork Rd K2 0.51 Veracruz Reef, Mexico KR
68 CJ95-53-OI 0549 QC Rl. 32 Q. Chocolate - CTA T550 Chctumal Bay, Belize T
60 DP96-13-03 0 253 QC Rl. 32 Primero Palmallo R-Acklins Island 0 3 Bahama, Acklins Island C2
70 DP96-13-04 0279 QC Rl 32 Primero Palmatto R-8IDRI7 1 Puerto Plata, north coast, Dominican Republic Cl
71 DP96-I3-05 0 388 QC Ht 32 Primero Palmallo R-Cancun 1 9 Cancun C4
72 DP96-13-06 0576 QC Rt. 32 Primero Palmatto PI 156 93 Guyana shelf, SH of Orinoco della; Atlantic F
73 A n93-70-PI 0.417 QC C I A Pence R-Acklins Island 0 3 Bahama, Acklins Island C2
74 AB93-70-P2 0.528 QC CTA Pence R-Acklins Island 0.3 Bahama, Acklins Island C2
75 AI393-70-P3 0 601 QC CTA Pence R-Acklins Island 0 3 Bahama, Acklins Island C2
76 AH93-70-IM 0.594 QC C I A Pence R-8IDK5 1 Bayahibe, southeast coast, Dominican Republic Cl
77 AI193-70-P5 0 541 QC C I A Pence R-8IDR5 1 Dayahibc, southeast coast, Dominican Republic Cl
78 AII93-70-P6 0453 QC CTA Pence R-Acklins Island 0 3 Bahama, Acklins Island C2
79 AU93-70-P7 0579 QC CTA Pence R-Panama 15c 6 1 off Valientc Penn, Sharkholc Point P
80 AB93-70-P8 0365 QC CTA Pence R-8IDRI7 1 Puerto Plata, north coast, Dominican Republic Cl
81 AR93-70-l**> 0 400 QC CTA Pence R-81DR5 1 Bayahihc, southeast coast, Dominican Republic Cl
82 AU93-70-IM0 0 362 QC CTA Pence R-8IDR5 1 Bayahibe, southeast coast, Dominican Republic Cl
83 AB93-70-PII 0674 QC CTA Pence R-1565 85 ('2
84 AB93-70-PI2 0 633 QC CTA Fence R-Cancun 1 9 Cancun C4
85 AR93-70-PI3 0 674 QC CTA Pence R-1565 85 C2
86 AU93-70-PI4 0 674 QC C TA Pence R-1565 85 C2
87 AH93-70-PI5 0 649 QC CTA Pence R -1554 55 C2
88 AB93-72-P8 0 583 M Moin Apt. Complex PI 201 65 Trinidad shelf, N Trinidad/ W Tobago; Caribbean F
89 AD95-04 0I 0 267 QC Basketball Court R-Acklins Island 0 3 Bahama, Acklins Island C2
90 OJ89-35-OI 0 382 M I ris laurel R-Sl Thomas 1 Virgin Islands Cl
(cont inued)
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Table 3.3.2. Table of squared chord values and closest modem analog location for Limon samples (con't).
ft Sample SCI) Formation Locality M odern Station Depth (m) General Location Map Code
91 CJ89-36-02 1 029 M Hi. 32 Truck Terminal T60 main lagoon, Belize r
92 AU93-34-02 0557 QC Moin Flat Field R-8IDR5 1 Bayahibe, southeast coast, Dominican Republic Cl
93 AH93-34-03 0724 QC Moin Flat Field R-St Thomas 1 Virgin Islands Cl
94 AB93-56-03 0.344 yc Moin Flat Field R-8IDR5 1 Bayahibe, southeast coast, Dominican Republic Cl
95 AB93-38-02 0 939 yr la  Colina Truck Slop R-8IDR5 1 Bayahibe, southeast coast, Dominican Republic Cl
96 AB93-4I-0I 0473 M Hi 32 Stadium R-1554 55 C2
97 CJ95-48-01 1 071 M Mollusk Heaven II T60 main lagoon, Belize T
98 AH93-59-0I 0 958 M Hi. 32 Mollusk Heaven TOO main lagoon, Belize T
99 AB93-60-0I 0 651 yc Kt. 32 Chiquila dale R-Panama 15c 6 1 off Valicnic I’cnn, Sharkhole Point I*
100 AU93-6I-OI 0 689 M Hi. 32 Claystoncs R-I'anama 8h 23 5 Chiriqui, between Isla Popa/Cayos Zapalillu I*
101 DI’96-03-01 0523 M Cemetery R-St. Thomas 1 Virgin Islands Cl
102 CJ89-I6-OI 0 434 M Ciraveyard R-1554 55 C2
103 CJ89-16-02 0505 M Ciraveyard R-St. Thomas 1 Virgin Islands Cl
104 CJ89-16-03 0.513 M draveyard R-St. Thomas 1 Virgin Islands Cl
105 DP96-09-0I 0 272 yc ll& ll Transport R-Acklins Island 0.3 Bahama, Acklins Island C2
106 DP96-I0-0I 0 385 M Rl. 32 - duard Hut 1 ot R-8IDRI7 1 Puerto Plata, north coast, Dominican Republic Cl
107 1)1*96-12-01 0415 yc Slylophora Meadow R-8IDR5 1 Bayahibe, southeast crust, Dominican Republic Cl
108 1)1*96-17-01 0 487 yc Manacino Meadow R-8IDR5 1 Bayahibe, southeast coast, Dominican Republic Cl
109 089-18-01 0 790 M Cangrejos Creek FI 199 183 Trinidad shelf, N Trinidad/ W Tobago; Caribbean F
110 CJ89-18-02 0 683 M Cangrejos Creek FI 021 146 Paria shelf, N Paria Peninsula; Caribbean F
III CJ89-I8-03 0 606 M Cangrejos Creek FI 027 106 Orinoco shelf, N of Orinoco della; Atlantic F
112 CJ89-I8-04 0 679 M Cangrejos Creek FI 199 183 Trinidad shelf, N Trinidad/ W Tobago; Caribbean F
113 CJ89-18-05 0 748 M Cangrejos Creek FI 199 183 Trinidad shelf, N Trinidad/ W Tobago; Caribbean F
1 14 CJ89-18-06 0 661 M Cangrejos Creek R-Sl. Thomas 1 Virgin Islands Cl
115 OJ89-18-07 0 663 M Cangrejos Creek FI 200 126 Trinidad shelf, N Trinidad/ W lobago, Caribbean F
116 CJ89-18-08 0 898 M Cangrejos Creek R-8IDRI7 1 Puerto Plata, north coast, Dominican Republic Cl
117 CJ89-18-09 0 734 M Cangrejos Creek I I 199 183 Trinidad shelf, N Trinidad/ W Tobago; Caribbean F
118 CJ89-I8-IO 0 757 M Cangrejos Creek I I I  99 183 Trinidad shelf, N Trinidad/ W l  obago; Caribbean F
119 ( 389 18-11 0 554 M Cangrejos Creek I-' 1014 50 Trinidad shelf, N Trinidad shelf; Caribbean F
120 CJ89-I8-I2 0 555 M Cangrejos Creek F 1021 146 Paria shelf, N Paria Peninsula; Caribbean F
( c o n tin u e d )
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Table 3.3.2. Table of squared chord values and closest modem analog location for Limon samples (con't).
n Sample SCI) Formation 1 .oca lily M odem  Station Depth (m) General Location Map Code
121 AH93-7I-P2 0 682 M Lomas del Mar III FI 199 183 Trinidatl shelf, N Trinidad/ W lobago; Martbbean F
122 AH93-7I-P3 0 619 M 1 omas del Mar III R-1565 85 C2
123 AII93-71-1*4 0212 M I.omas del Mar III R-Sl 'litomas 1 Virgin Islands Cl
124 A1393-71-P5 0.570 M !.omas del Mar 111 R-Sl. Thomas 1 Virgin Islands Cl
125 CJ89-17-OI 0 298 M I.omas del Mar 1 R-St Thomas 1 Virgin Islands Cl
126 CJ89-I74)8 0.437 M I .omas del Mar 1 K-8IDRI7 1 Puerto Plata, north coast, Dominican Republic Cl
127 CJ92-06-I2 0824 M Mimas del Mar II FI2I5 88 Paria shelf, N Paria Peninsula; Caribbean F
128 CJ92-06-I3 0657 M Lomas del Mar II 1*1215 88 Paria shelf, N Paria Peninsula; Caribbean F
129 CJ924)6-I4 0 818 M Mimas del Mar II FT 021 146 Paria shelf, N Paria Peninsula; Caribbean F
130 092-06-18 0752 M Mimas del Mar II FI 206 99 Trinidad shelf, N Trinidad shelf, Caribbean F
131 CJ92-06-I9 0 671 M I.omas del Mar II IT 197 73 Trinidad shelf, N Trinidad/ W Tobago; Caribbean F
132 095-46-01 0 749 M Lomas del Mar -SW IT 199 183 Trinidad shelf, N Trinidad/ W Tobago; Caribbean F
133 DP95-04-01 0 499 M Mimas del Mar R-Panama 13a 48.8 Chiriqui lagoon; 78 n. mi. due north of Fscudo P
134 095-544)1 0 584 M Morales Overkill IT 200 126 Trinidad shelf, N Trinidad/ W Tobago; Caribbean F
135 095-544)2 0 736 M Morales Overkill IT 021 146 Paria shelf, N Paria Peninsula; Caribbean F
136 095-544)3 0 533 M Morales Overkill IT 021 146 Paria shelf, N Paria Peninsula; Caribbean F
137 095-544)4 0 508 M Morales Overkill K-Panama 13a 488 Chiriqui lagoon; 78 n. mi. due north of Fscudo P
138 095-544)5 0 469 M Morales Overkill R-St Thomas 1 Virgin Islands Cl
139 095-544)6 0 541 M Morales Overkill IT 200 126 Trinidad shelf, N Trinidad/ W Tobago; Caribbean F
140 095-544)7 0674 M Morales Overkill R-I57I 89 C2
141 095-544)8 0445 M Morales Overkill R-Panama 13a 48 8 Chiriqui lagoon; 78 n mi. due north o f Fscudo 1*
142 1)1*964)14)2 0755 M Lost Watch R-1554 55 C2
143 1)1*964)14)1 0759 M l ost Watch IT 199 183 Trinidad shelf, N Trinidad/ W Tobago; Caribbean F
144 1)1*964)2-01 0.798 M Septic lank IT 021 146 Paria shelf, N Paria Peninsula; Caribbean F
145 AU93-22 02 0 550 M Av. Ilarricudu FI 182 42 Trinidad shelf, F. Trinidad; Atlantic F
146 AII93-22-03 0.790 M Av. Ilatricuda R-Mancun 1 9 Cancun C4
147 AD93-47-0I 0 615 M Av. Ilarricuda - fence R-Panama 17a 10.7 Chiriqui lagoon near ilncas del loro 1*
I4R AII93-65-0I 0.717 M Av. Ilarricuda - dorm R-I57I 89 C2
149 AD93-66-0I 0 811 M Av Ilarricuda - dorm FT 199 183 Trinidad shelf, N Trinidad/ W Tobago, Caribbean F
150 1)1*964)74)1 0 356 M Sea Terrace R-St. Thomas 1 Virgin Islands Cl
Some general comments can be gleaned from the results o f the Modem 
Analog Technique. Table 3.3.3 summarizes fossil stratigraphic sections, the region 
of best match and the "average" depth of the corresponding modem samples. Figure 
3.3.2 shows the fossil localities and the best corresponding modem analog.
Table 3.3.3. Correspondence between fossil stratigraphic sections and MTOD 
regions (see Figure 3.3.1 for MTQD region locations).
Fossil Section Formation MTOD Region Modern depth summary
AB93-69 (lower) RB C1/C2 < 90 meters
AB93-69 (upper) RB P (Panama 8b) < 25 meters
DP96-15 RB C2 < 90 meters
DP95-07 RB C2/P (Panama 8b) < 90 meters
DP95-02 RB C3/P (Panama 8b) generally < 25 meters
AB93-73 RB C2 < 90 meters
AB93-67 (lower) QC C2 < 1 meter
AB93-67 (upper) QC C2 < 90 meters
DP96-13 QC C1/C2/C4/F generally < 10 meters
AB93-70 lower QC C1/C2 generally < 6 meters
AB93-70 upper QC C2 generally < 85 meters
CJ95-48/AB93-59 M T average depth 62 meters
DP96-03/CJ89-16 M Cl generally -  1 meter
CJ89-18 M F generally from 50 to 185 meters
CJ95-54/AB3-71/CJ92-06 M F/C1/C2/C4 generally from 1 to 150 meters
Rio Banano Formation. Several samples (19 of 57 samples) of the Rio 
Banano Formation (such as AB93-69-10) have a close analog with modem sample 
Panama 8b (SCD=0.863) (Table 3.3.2). The relatively high SCD value reflects the 
fact that the two samples have few genera in common. However, the two samples 
share several taxa that have large relative proportions in the assemblages, such as 
Puriana, Cytherella and Pellucistoma. Several other taxa are also shared, although in 
smaller proportions, such as Basslerites and Cativella. Other samples (12 of 57 
samples) from the Rio Banano Formation (such as AB93-69-05 and AB93-73-03) 
have a close analog with modem sample R1571 (SCD = 0.0.632, 0.616 respectively).
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In this case, these fossil samples and the modem sample share several taxa with large 
relative proportions in their assemblages, such as Cytherura, Puriana, 
Loxocomiculum, Paracytheridea and Radimella. Several other taxa are also shared, 
although in smaller proportions, such as Basslerites and Hulingsina.
Quebrada Chocolate Formation. Several samples from the Quebrada 
Chocolate Formation (10 of 37 samples), such as AB93-67-03 (Quebrada Chocolate 
Waterfall section) and AB93-70-02 (CTA Fence section) have a close analog with 
modem sample R - Acklins Island (SCD = 0.438 and 0.528 respectively). The 
relatively low SCD values reflects the fact that the two samples have several genera in 
common and in similar proportions. Taxa that have large relative proportions in the 
assemblages include bairdiids, Caudites, Loxocomiculum, Paracytheridea,
Quadracythere, and Radimella. Several other taxa are also shared, although in 
smaller proportions, such as Jugosocythereis and Xestoleberis.
Moin Formation. The Moin Formation contains several different 
environments of deposition. These different environments are reflected not only in 
the sediments, but in the variety of matches to different modem analogs. The two 
samples collected from the Mollusc Heaven locality, AB93-59-01 and CJ95-48-01, 
have their closest analog with modem sample T60 (SCD = 0.958 and 1.071, 
respectively). Common taxa with large relative proportions in the assemblages 
include Cytherura, Pellucistoma, and Reussicythere. Samples collected from sands 
associated with the Lomas del Mar Member, CJ89-16-02 (Pueblo Nuevo Cemetery 
locality) and AB83-71-04 (Lomas del Mar locality), and several other samples from 
other Moin members (a total o f 9 of 53 Moin Formation samples), have their closest
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modem analog with R- St. Thomas (SCD = 0.505 and 0.212, respectively). Taxa that 
have large relative proportions in the assemblages include bairdiids, Loxocomiculum, 
Paracytheridea, Radimella and Xestoleberis. Several other taxa are also shared, 
although in smaller proportions, such as Caudites, Hulingsina, Cytherura, 
macrocyprids, Neocaudites, and Orionina.
Almost half o f the Moin Formation samples have their closest modem analog 
with samples from Fithian's study on the Paria-Trinidad-Orinoco shelf (26 of the 53 
Moin Formation samples). Nine Moin Formation samples, such as AB93-69-10, for 
example, have a close analog with modem sample FI 199 (SCD=0.679) (Table 3.3.2). 
These samples share several taxa that are present in relatively large numbers in the 
assemblages, such as Argilloecia, Bradleya, Cytheropteron, Krithe, and Xestoleberis. 
Several other taxa are also shared, although in smaller proportions, such as bairdiids, 
Cytherella, and Munseyella.
1 1 4
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CHAPTER 4
DISCUSSION
4.1 Pa l e o e n v i r o n m e n t a l  I n t e r p r e t a t i o n
Ostracodes have great value as ecologic indicators because of their ability to 
adapt to a variety of environmental conditions including fresh, brackish and marine 
water conditions. Among the most important of the environmental factors that 
control the distribution o f ostracode species are the availability of food supply, 
salinity, and water temperature (Puri and Hulings, 1957; Puri 1971). Chemical 
factors, such as dissolved pH and gases (oxygen, carbon dioxide and nitrogen), also 
control the distribution o f ostracode species. Physical factors, such as character of the 
bottom sediment, depth, and current movements also have considerable control over 
ostracode distribution.
Despite their value as environmental indicators, the study of ostracode 
ecology, in general, has lagged somewhat behind that of certain other taxa, such as 
foraminifers and mollusks. The information available on ostracode distribution has 
allowed for the identification of general environments (e.g. estuarine, littoral, lagoon, 
neritic, bathyal) and some subenvironments (e.g. reef crest, Teeter, 1975). Studies of 
ostracode depth distribution have been published (van Morkhoven, 1972; Neal,
1974), but these are based on generic preferences, and so are of use in a general way. 
Certainly, a more extensive study of modem ostracode distribution is necessary in 
order to develop the kind o f water depth interpretations that are currently made based 
on benthic foraminifers.
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Paleoenvironmental interpretations of the Limon area formations depend upon 
recognition of (paleo)environments based on modem ostracode distributions, and 
therefore is heavily reliant on the principle of biologic uniformitarianism. Hulings 
(1967) reports "there is a mass of ecological information available, and although 
much of it is of questionable value, some of the data can possibly be used in the 
interpretation of paleoenvironments." Indeed, there are many studies of modem 
ostracode distributions in scientific literature, but difficulties arise due to taxonomic 
problems. In addition, the environmental parameters reported in the studies vary 
considerably from study to study. Even so, several thorough and careful studies 
conducted in neritic environments have been of great value in the paleoenvironmental 
interpretations of the Limon area ostracode assemblages.
Rio Banano Formation. Ostracode assemblages from exposures of the upper 
portion of the Rio Banano Formation south of the city o f Limon contain assemblages 
that are dominated consistently by the ostracode genera Basslerites, Pellucistoma, 
Puriana, and Radimella (Fig. 4.1.1). These ostracodes, along with those that are 
present in lesser and more variable abundances throughout the section, are 
characteristic of deposition in the inner to middle neritic zone, perhaps near a delta or 
estuary that was providing clastic sediment input into the system.
Quitaria Sections (Ouitaria and Lime Grove sections). The Quitaria Section, 
the oldest section studied in this work, is dated at 3.8 - 3.6 Ma. Samples from this 
section make up part of Cluster 1 (Presence-Absence data) and Cluster G (Relative 
Percent data) of the Q-mode Cluster Analyses. This section contains Actinocythereis 
gomillionensis, Aurila macropunctata, Basslerites minutus, Basslerites cf.
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Figure 4.1.1. Relative proportions o f  characteristic ostracodes for selected samples from the Rio Banano Formation sections. 
Samples are in stratigraphic order. ________________________________
B. cuspidatus, Cytherella spp., Cytheropteron dominicanum, Loxocomiculum 
dorsotuberculata, Paracytheridea tschoppi, Paracytheridea edwardsi, Pellucistoma 
howei, Perissocytheridea subrugosa, Perissocytheridea rugata, Pumilocytheridea 
sandbergi, Puriana gatunensis, Quadracythere howei, Radimella confragosa, 
Radimella ovata, Touroconcha lapidiscola. The Lime Grove Section, which clustered 
with the Quitaria section in both Q-mode cluster analyses contains much the same 
ostracode species assemblage, except that it lacks Actinocythereis gomillionensis, 
Aurila macropunctata, Paracytheridea tschoppi, and Paracytheridea edwardsi. While 
no direct age data is available for the Lime Grove Section, its age is approximated by 
age dates of the sections above and below it. Thus its age is thought to be between 
3.6-3.8 Ma (the age of the Quitaria section) and 3.3 Ma (the Middle River section).
Support for a inner to middle neritic interpretation of the Quitaria and Lime 
Grove section assemblages comes from several lines of evidence. The Modem 
Analog Analysis (Chapter 3.3; Table 3.3.2) indicates the closest modem analogs for 
these sections are modem samples recovered from the Chiriqui Bay o f Panama at a 
depth of 23.5 m (R-Panama 8b) and from 89 m of water depth off the south coast of 
Florida. Bold (1974) reports an Orionina and Cativella nearshore fauna from the shelf 
of the southwest peninsula of Trinidad that includes many o f the species present in the 
Quitaria section, such as Aurila spp., Basslerites minutus, Cativella spp., Orionina 
spp., Quadracythere spp. and Radimella confragosa. These species occur on the 
Trinidad shelf concentrated in a belt paralleling the shoreline from very near-shore to 
a depth of 15 - 20 m. Van Morkhoven (1972) reports that the genera Basslerites, 
Cytherelloidea, Cativella, Macrocyprina and Paracytheridea are typical species
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characterizing the middle neritic zone (21-91 m). Actinocythereis gomillionensis is 
reported as characteristic of shallow water neritic environments (Kontrovitz, 1976, 
1978; Machain-Castillo et al., 1990).
The shallow, nearshore depositional environment of the Quitaria Section 
ostracode assemblage is indicated by the presence of Pellucistoma howei, which is 
characteristic of and almost restricted to the shallower parts of the main Belize lagoon 
(Teeter, 1975) and is reported as part of an 'inshore biofacies’ (nearshore and 
estuarine) of the eastern Mississippi River delta region (Curtis, I960). In addition, the 
presence of Perissocytheridea subrugosa supports the idea of a depositional 
environment that is influenced by the influx of low saline waters. Perissocytheridea 
subrugosa is reported by Teeter (1975) from the less saline parts of the Chetumal Bay 
and the southern-nearshore biofacies of Belize. The genus Perissocytheridea is also 
reported from low salinity (inner neritic, 1-30 m) environments by Engel and Swain 
(1967), King and Komicker (1970) and Puri and Hulings (1957). Pumilocytheridea 
sandbergi is tolerant of a great salinity variation and is characteristic of the main 
lagoon biofacies and common as complete carapaces in nearshore areas of Belize 
(Teeter, 1975).
The Bomba Sections (Middle River, Bomba- River. Bomba- Road and 
Bomba). Samples from this group o f sections make up part of Cluster 2 (Presence- 
Absence data) and Cluster C (Relative Percent data) of the Q-mode Cluster Analyses. 
The Middle River section has been assigned a age of~ 3.3 Ma, and the Rio Banano 
Bomba (and River/River Road) section(s) have been assigned an age of 3.11-3.04 Ma 
or 3.33-3.22 Ma. Samples in these sections are characterized by Basslerites minutus,
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Caudites nipeensis, Cytherella spp., Cytheropteron dominicanum, Loxoconcha 
wilberti, Paracytheridea tschoppi, Pellucistoma howei, Puriana aff. P. minuta, 
Radimella ovata, Xestoleberis sp. A.
The ostracode assemblages of the Bomba sections are, in fact, very similar to 
those of the Quitaria sections. The similarity of the assemblages indicate that the 
region had not undergone a dramatic change in depositional environment during the 
several hundred thousand years that had lapsed between the deposits that make up the 
two sections. Whereas a dramatic change is not evident, a subtle shift in environment 
can be surmised from two lines of evidence. First, the Quitaria sections contain a 
larger diversity of Puriana species (Puriana gatunensis , Puriana aff. P. minuta, 
Puriana sp. D, Puriana sp. H, Puriana sp. K) than do the Bomba sections (Puriana 
gatunensis, Puriana aff. P. minuta, minor occurrences of Puriana sp. D). Whereas 
Puriana sp. D is not known from the literature and thus its ecologic 
distribution/requirements are not known, its conspicuous presence in large numbers in 
the Quitaria section and relatively minor occurrence in the Bomba sections, suggest 
that a subtle shift in environmental parameters did occur between deposition of the 
two sections. The two sections also differ significantly in valve density (N/g).
Despite remarkably similar lithology and bedding style, valve density is consistently 
high in the Quitaria sections and is dismally low in most of the Bomba samples (Table
3.1.3). Simple diversity (S) is low in the Bomba section samples.
Species that are present in the Bomba sections show marked declines in 
relative abundance compared to the Quitaria samples. Species showing such declines 
in relative abundance include Actinocythereis gomillionensis, bairdiids., Caudites
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nipeensis , Caudites aff. C. rectangularis, Coquimba fissispinata, Cativella pulleyi, 
Cytherella spp. Aurila macropunctata, Kangarina quellita, Megacythere johnsoni, 
Neocaudites sp. C, Occultocythereis angusta, Pseudoceratina droogeri, 
Quadracythere howei, Radimella confragosa, and Touroconcha lapidiscola. Reasons 
for this might include an increased rate of deposition resulting from tectonic or 
climatic changes during the deposition of the Bomba-River section or perhaps some 
ostracode valves were lost due to dissolution or breakage.
Relative abundance o f Perissocytheridea spp. (Perissocytheridea subrugosa, 
Perissocytheridea rugata, and Perissocytheridea sp. D) show an interesting trend (Fig. 
4.1.1). They have relatively high abundances (> 5%) in the Middle River and Bomba 
sections, and very low numbers in the Bomba-River and the Quitaria and Lime Grove 
sections. The presence of ostracodes commonly found in estuarine and other lower 
salinity environments (Megacythere johnsoni, Perissocytheridea aff. P. rugata, and 
Perissocytheridea subrugosa) suggest that the influence of less saline water was 
increasing during the deposition of these sections, perhaps indicating a more nearshore 
environment of deposition or a change in climate (precipitation and runoff).
As outlined above, the ostracodes indicate that the Bomba sections were 
deposited in a inner to middle neritic environment. This is also supported by the 
Modem Analog Analysis (Chapter 3, Table 3.3.2). Bomba samples have their 
closest modem analogs to samples from the Chiriqui Lagoon (23.6 m), south o f 
Florida (89 m) and the east coast of Florida (18 m). Two samples, DP95-02-13/14, 
have their closest modem analog to a sample from the main lagoon of Belize (no 
water depth information available).
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The inner to middle neritic character of the ostracode assemblage of the Rio 
Banano is corroborated by the benthic foraminifers. Cassell (1986) and Cassell and 
Sen Gupta (1989b) report that the benthic foraminifers from the Rio Banano suggest 
deposition on a sandy, open marine, inner to middle continental shelf, perhaps 1 0 - 2 0  
m in depth. Other foraminifers indicate a shallow, well agitated sandy nearshore 
environment (around 0  - 2 0  m deep) and a reefal environment, which the authors 
suggest were transported to the shelf area and redeposited. The nearshore foraminifers 
decrease upsection, which suggests that a deepening occurred upsection (Cassell,
1986; Cassell and Sen Gupta, 1989b). Collins et al. (1995a) place the depth of the Rio 
Banano also in the inner to middle neritic zone, but at a slightly deeper depth than 
Cassell (1986) and Cassell and Sen Gupta (1989b), that being between 20 - 40 m. 
Collins et al. (1995a) also report the presence of burrowing sand dollars and 
callianasid burrow zones, suggesting a high-energy shoreface to inner neritic zone, 
and a depth of about 20 m. A stronger reefal influence is also suggested by Collins et 
al. (1995a) for the Bomba sections. Many of the ostracodes recovered from the Rio 
Banano sections are also common in reefal environments, but it is difficult to say 
whether a "stronger" reefal influence is characteristic of the Bomba ostracode 
assemblages.
Summary of Rio Banano Formation paleoenvironments. Ostracode 
assemblages of the upper Rio Banano Formation indicate that deposition occurred in a 
relatively uniform neritic environment over several hundred thousand years. A subtle 
shift in depositional environment, a shift from an environment influenced by an influx
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of low saline water to perhaps a more offshore setting, occurred during deposition of 
the type section at Bomba.
Quebrada Chocolate Formation. A paleoenvironmental interpretation for 
the ostracode assemblages of the Quebrada Chocolate Formation is straightforward, as 
many of the samples were collected from the sedimentary matrix of the Quebrada 
Chocolate Formation coral reef buildups. Ostracode genera typical of the Quebrada 
Chocolate carbonate buildups include Caudites, Loxocomiculum, Paracytheridea, 
Quadracythere and Radimella. The intervening clastic sediments contain ostracode 
assemblages indicative of nearshore neritic and/or lagoonal environments not far from 
a reefal influence, and include the ostracode genera Basslerites, Hulingsina, 
Loxocomiculum, Megacythere, Pellucistoma, Perissocytheridea, Puriana, 
Quadracythere, Radimella, Touroconcha, and Xestoleberis.
Quebrada Chocolate - Waterfall section. The Quebrada Chocolate Waterfall 
section (base of the formation) has been dated at 3.58 - 3.33 Ma and details the 
establishment of one of the earliest Pliocene reefs documented thus far in the Limon 
area. The lithology of the Waterfall section suggests that a shallowing of the 
environment occurred because the sediments coarsen upward from clays and silts to 
fine sands. At the base of the section, a highly burrowed muddy clay is overlain by a 
Porites coral thicket (perhaps coral rubble?) in a silty clay matrix. This unit is 
overlain by a 0.5 m layer of pebble conglomerate with a sandy matrix. Here another 
coral thicket (Porites and Siderastrea) began to re-establish itself briefly, but was 
overwhelmed by the influx of sediments into the environment and was eventually 
buried by a five meter thick coarsening upward (silt to fine sand) unit complete and
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broken mollusks valves. The sequence of sediments in this outcrop, (shallow coral 
overlain by a rounded pebble conglomerate) may represent a debris flow (paleo- 
landslide) that occurred as a result of earth movements in the region.
Ostracodes were recovered from silty clay layer at the base o f the section, and 
from the silts and fine sands that inundated the Porites coral thicket above the 
conglomerate, with valve counts ranging from 246 to almost 3000 valves per 50g of 
dry (unwashed) sediment. Valve recovery was very low for several of the lower 
Waterfall section samples (AB93-67-02/04) (Table 3.1.2). The assemblage of 
ostracodes from the Quebrada Chocolate - Waterfall section is dominated by 
Basslerites cf. B. caspidatus, Cytheropteron dominicanum, Hulingsina sp. A, 
Loxocomiculum dorsotuberculata, Loxocomiculum jischeri, Loxocomiculum 
oculocrista, Paracytheridea tschoppi, Pellucistoma howei, Puriana gatunensis, 
Puriana aff. P. minuta, Quadracythere howei, Radimella confragosa, Touroconcha 
lapidiscola and Xestoleberis spp. Species present in smaller numbers include Aurila 
macropunctata, bairdiids, Cytherella spp., Cytherura spp., Gangamocytherideal 
plicata, Megacythere johnsoni, Orionina spp., Paracytheridea edwardsi, 
Perissocytheridea spp., and Radimella sp. A.
Several of the dominant species listed above are considered characteristic of, 
though not limited to, carbonate habitats, such as Caudites nipeensis, Loxocomiculum 
dorsotuberculata, Loxocomiculum fischeri, Loxocomiculum oculocrista, 
Paracytheridea tschoppi, and Radimella confragosa (Teeter, 1975; Gunther, 1967). 
There is a strong faunal similarity between the Quebrada Chocolate - Waterfall section 
samples and the Rio Banano Formation samples (i.e., the genera Basslerites,
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Pellncistoma, Puriana, and Radimella). The presence of Megacythere johnsoni and 
Perissocytheridea spp. suggest an influx of less saline water into the coral thicket area, 
or that it was located near an estuary or lagoon that was the source for transported 
valves o f these species (Hulings and Puri, 1964; Benson and Kaesler, 1963; Teeter, 
1975; Morales, 1966; King and Komicker, 1970; Benda and Puri, 1962).
Quebrada Chocolate - Route 32 section. The age of the samples from the 
Quebrada Chocolate Route 32 section, which lies stratigraphically between the 
Waterfall and CTA Fence sections, is estimated to be about 3.58 to 2.58 Ma (McNeill 
et al., 1997). The assemblage of ostracodes from the Quebrada Chocolate - Route 32 
section is dominated by Loxocomiculum fischeri, Loxocomiculum oculocrista, 
Paracytheridea calcitrapa, Quadracythere howei, and Radimella confragosa. Also 
present in lower relative percentages are Caudites nipeensis, Coquimba fissispinata, 
and Kangarina quellita. This section also contains Aurila macropunctata, a variety of 
bairdiids, several Caudites species (including Caudites nipeensis), Kangarina quellita, 
Gangamocytherideal plicata, Loxocomiculum dorsotuberculata, Paracytheridea 
edwardsi, Paracytheridea tschoppi, Quadracythere howei, Radimella confragosa, 
Unknown Ostracode sp. B, and several Xestoleberis species. Unlike the CTA Fence 
locality (described below), Jugosocythereis pannosa and Perissocytheridea spp. are 
absent. These species of ostracodes have been recorded from modem carbonate 
environments (Teeter, 1975; Krutak et al., 1980). Acropora palmata, a coral species 
commonly used by geologists as a shallow water indicator and present in the Route 32 
section, is restricted to depths of less than 10 m (A. F. Budd, 1996; personal 
communication).
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CTA Fence section. The samples from the CTA Fence locality were collected 
from silty clay that enveloped a well-developed Porites coral thicket. They are from 
the middle of the Quebrada Chocolate Formation and have been dated at 3.33 - 2.58 
Ma. As with a portion o f the Waterfall section, ostracode valve recovery was 
problematic for the upper portion of the CTA Fence section (AB93-70-11/19), 
therefore the following discussion and interpretation is based on the ostracode 
assemblage for AB93-70-01/10. The ostracode assemblage from the CTA Fence 
section is characterized by low simple species diversity and is composed almost 
entirely of only nine ostracode species: Caudites nipeensis, GangamocytherideaP. 
plicata, Jugosocythereis pannosa, Loxocornicidum fischeri, Loxocomiculum 
oculocrista, Orionina vaughani, Paracytheridea tschoppi, Quadracythere howei, and 
Radimella confragosa. Present less consistently and in smaller proportions are 
Perissocytheridea subrugosa, Xestoleberis spp., and Quadracythere producta.
Many of the species characteristic of the CTA Fence Porites reef have been 
documented in a number of modem carbonate platform settings. For instance, in a 
study of the Alacran Reef, Mexico, Bold (1988b) reports that the reef proper is 
characterized by the large number of species of the Bairdiidae and Xestoleberididae, 
with large numbers o f Caudites, Cytherura, Jugosocythereis, Loxocomiculum, 
Paracytheridea, Quadracythere, and Radimella. He found Cytherelloidea spp., 
Radimella confragosa, Caudites howei, Quadracythere producta, and Hermanites 
hornibrooki restricted to shallow patch reefs (e.g., shallow agitated environments). In 
deeper and more protected portions of the reef (e.g., Thalassia patches, windward
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trough and lagoon) he found (among others) most species of Cytherella and Radimella 
wantlandi.
Teeter (1975) found a variety o f bairdiids, Loxoconcha wilberti, 
Loxocomiculum dorsotubercidata, Loxocomiculum fischeri, Caudites spp, Radimella 
confragosa, Hermanites homibrooki, Paracytheridea tschoppi to be characteristic of 
the carbonate platform in Belize (1 - 6  m water depth), and Caudites nipeensis to be 
restricted to this setting. GangamocytherideaP plicata and Jugosocythereis pannosa 
also have been reported as being characteristic of the coarse carbonate environment of 
the southeastern Nicaraguan shelf (Manning, 1985). Jugosocythereis pannosa, 
Paracytheridea tschoppi, and Quadracythere producta have been reported from the 
shallow water (2 m) Veracruz reefs of Mexico (Krutak, 1982). The presence o f  
Perissocytheridea subrugosa may indicate the influence o f lower salinity water, or the 
nearness of a lagoon or estuary from which they were transported into the reefal 
environment by currents or wave action.
Recovery of ostracodes from among coral heads at the top of the section was 
problematic, as there was very little available matrix and the upper part of the section 
was heavily weathered. However, the corals indicate a deepening upward sequence. 
The lower part of the section, consisting of a branched Porites coral thicket in a blue- 
gray mudstone, is interpreted to have been a shallow nearshore setting. This 
interpretation fits nicely with the environmental interpretation of the ostracode fauna 
(discussed above). The top of the section contains corals embedded in a tan silty 
mudstone that indicates a deepening of the environment to a mid-forereef environment 
(10-20 m).
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The ostracode diversity of the Quebrada Chocolate Formation reefal sections is 
puzzlingly low when compared to other samples from the Limon area or to samples 
from modem carbonate environments. Teeter (1975) reports 50 ostracode species 
common to the Belize carbonate-platform biofacies, due to the abundant niches 
provided by the reefal environment. Krutak et al. (1980) reports an average of 2 2  and 
26 species from the Anton Lizardo and Veracruz reefs, respectively, and simple 
diversity ranging from 8 to 51 species at 33 stations. They report 17 species that are 
present with a total relative abundance greater than or equal to 1% of the samples. In 
both studies, the species diversity is much higher than the CTA reefs, which averages 
around 12 species per sample (Table 3.1.3). Krutak et al. (1980) found the difference 
in simple diversity of the ostracode populations in the Anton and Veracruz reefs 
significant. They related the difference in simple diversity to the difference in 
terrigenous sediment input into the reefal areas. Underwater observations of the 
Anton Lizardo reefs revealed that they are being choked by large amounts of river- 
borne sediments. The high sediment influx resulted in lower simple diversity values 
for the Anton Lizardo reefs. A high sediment influx then, may be the reason why the 
diversity values of the Quebrada Chocolate reefal complexes are so low.
Whereas benthic foraminiferal studies have been conducted in the area, there is 
no published material regarding paleoenvironmental interpretations specific to any of 
the Quebrada Chocolate coral-rich units. The Modem Analog Analysis found 
matches with samples from Acklins Island, Bahamas (0.3 m water depth) and 
Bayahibe, Dominican Republic (1 m water depth) (Section 3.3, Table 3.3.2).
Estimated water depths based on depth preferences of the coral assemblages suggest a
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depth of less than 30 m; with the high percentages of branching corals suggesting 
"moderate exposure and intermediate water depths of 10 - 20 m" (A. F. Budd, 1996; 
personal communication). This is consistent with the ostracode assemblages 
recovered from this formation.
Upper Quebrada Chocolate reef buildups. Most of these younger samples are 
from the matrix surrounding coral-rich thickets (AB93-60, DP96-12, AB93-38, DP96- 
09, DP96-10-01), and so the assemblages are very similar in character to those of the 
(slightly older) CTA Fence locality. Characteristic of these samples are 
Gangamocytherideal plicata, Jugosocythereis pannosa, Loxocomiculum 
dorsotubercidata, Loxocomiculum fischeri, Loxocomiculum oculocrista, 
Paracytheridea tschoppi, Quadracythere howei, and Radimella confragosa. Among 
these younger coral-rich outcrops, a single sample (AB93-61) was collected from the 
intervening elastics. This sample was dominated by Actinocythereis gomillionensis , 
Basslerites minutus, Cativella pulleyi, Pellucistoma howei, and Triangidocypris laeva. 
This ostracode assemblage is similar to that of the clastic samples of the Rio Banano 
and Quebrada Chocolate Waterfall sections and suggests a shallow neritic depositional 
environment for this sample.
Summary of the Quebrada Chocolate Formation paleoenvironments. The 
Quebrada Chocolate Formation reefs and intervening siliciclastic deposits were being 
formed along the north coast of what is today the Limon promontory, while at the 
same time to the south the sands of the Rio Banano Formation were being laid down. 
These earlier late Pliocene reef deposits developed in the inner neritic to middle neritic
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zone and are characterized by a low diversity of ostracodes commonly associated 
with carbonate buildups.
Moin Formation. The complex of depositional settings in the Moin 
Formation have distinctive ostracode assemblages associated with them. The 
ostracode assemblages indicate a wide variety of depositional environments, ranging 
from patch reefs (Lomas del Mar Member, Santa Rosa Patch Reef), to a nearshore 
(brackish) lagoon (Empalme Mollusk and Cemetery localities), to a forereef 
environment (Cangrejos Creek section) (Fig. 2.2.2 and Fig. 2.2.4).
Empalme Reef Member. The Empalme Reef Member designates the coral- 
bearing deposits that mark a topographic high spanning from Pueblo Nuevo to Puerto 
Moin (Fig. 2.2.2). A strontium-isotope age o f 1.95 - 1.15 Ma for the associated Santa 
Rosa Patch section places this member of the Moin Formation in the latest Pliocene to 
early Pleistocene, which is consistent with the upper part of the reefal deposits of the 
Lomas del Mar Member to the east (McNeill et al., in press). Although numerous 
localities were sampled for microfossils within this member, valve recovery was either 
zero, or very, very low due to dissolution and weathering.
However, ostracodes were recovered from the associated Santa Rosa Patch 
Reef, located south of Route 32 (AB93-41, AB95-02; Fig. 2.2.3). They indicate an 
open marine reef environment dominated by a variety of bairdiids. Other species 
typical of reef environments and the inner neritic zone, such as Caudites nipeensis , 
Pseudoceratina droogeri, Cytherura spp., Paracytheridea spp., Cytheropteron 
dominicanum, and Xestoleberis sp. were present in small numbers. The ostracode 
assemblage of the Santa Rosa patch reef is very similar to those of the older Quebrada
1 3 0
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Chocolate reefs and indicate an inner neritic environment. High percentages of 
massive corals in this member suggest exposed shallow water conditions (< 1 0  m) with 
high wave energies (A. F. Budd, University of Iowa, 1996; personal communication).
Cangrejos Creek section. The Cangrejos Creek section is the lower part of the 
composite type section of the Moin Formation. The greenish-gray silty mudstones 
and silty fine sandstones of the Cangrejos Creek section are early to middle 
Pleistocene in age, 1.5 - 0.9 Ma (McNeill et al., in press). Ostracodes dominating the 
assemblages include Argilloecia barrigonensis, Bradleya aff. B. acceptabilis, 
Cytheropteron wardensis, Krithe spp., and Munseyella bermudezi. Other taxa 
occurring in smaller numbers throughout the section include Cytherella spp., 
Echinocythereis madremastrae, Loxocomiculum dorsotuberculata, Loxocomiculum 
fischeri, Loxocomiculum oculocrista, Paracytheridea tschoppi, Parakrithe alta, 
Radimella confragosa, Radimella aff. R. ovata, and Xestoleberis sp. A. This 
assemblage of ostracodes is a mixture of shallow, warm-water, carbonate-platform 
taxa (Loxocomiculum, Paracytheridea, and to a lesser extent, Radimella spp.), with 
those typical of outer shelf and upper slope, cooler-water habitats in the Atlantic and 
Caribbean (Cytherella and Echinocythereis), as well as deeper, cold-water taxa 
{Krithe and Bradleya-, Fig. 4.1.2). This section has been interpreted by McNeill et al. 
(in press) to be a forereef deposit.
Krithe is the dominant genus in world-wide deep-sea environments (Coles et 
al., 1994; Van Harten, in press; Steineck, 1981) and can constitute as much as 60% of 
assemblages in water depths in excess of 800 m (Peypouquet, 1979), and as much as 
90% in the deepest parts of the North and South Atlantic (Cronin et al., 1996).
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Despite its dominance of deep ocean basin assemblages and preference for cryophilic 
conditions, occasionally some species of Krithe have been reported from continental 
shelves (Coles et al., 1994; Cronin et al., 1995). For example, Krithe praetexta (Sars 
1866) lives in shelf and slope regions of northern Europe (Athersuch et al., 1989). 
Another shallow water Krithe occurrence is reported by Kontrovitz (1976). He reports 
Krithe cf. K. producta as being rare to abundant in a depth range of25 -3 0 0 m o ff 
Louisiana, with a systematic increase in absolute abundance with increasing water 
depth. Krithe cf. K. producta Brady 1880 has also been reported on the Chilean shelf 
(Whatley et al., in press) and Krithe spp. have been reported from shallow shelves in 
the Arctic Ocean (Cronin et al., 1995). In the Gulf of Mexico, van Morkhoven (1972) 
found that Krithe occurred regularly in the middle to outer neritic, as well as bathyal 
environments. In addition, Krithe have been recovered from middle and outer neritic 
environments on the Paria-Trinidad-Orinoco Shelf (Fithian, 1980).
Most species of Bradleya are also a common component o f deep sea 
assemblages (Benson, 1972; van Morkhoven, 1972; Whatley et al., 1983). However, 
there are exceptions, for example, Bradleya andamanae Benson 1972, lives in depths 
of 70 - 500 m in the northeastern Indian Ocean (Benson, 1972). Bradleya aff. B. 
acceptabilis Lubimova and Sanchez-Arango 1974, the form identified in the Limon 
samples, closely resembles Bradleya normani (Brady 1865), which is found living in 
the upper slope depths of the Caribbean Sea, continental slopes and fjords of southern 
South America, eastern Pacific and southern World Oceans (Bold, 1968; Benson,
1975; Steineck, 1981; Whatley et al., in press). A similar instance o f shallow-water 
colonization of Krithe and Bradleya occurs in the southern part o f the Magellan
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Figure 4.1.2. Relative abundance of Argilloecia spp., Bradleya aff. B. acceptabilis, Echinocythereis madrcmastrae, Krithe spp. 
and Munseyella bermudezi in Cangrejos Creek and Lomas del Mar West samples of the Moin Formation. ________________
Straits, where these and other normally psychrospheric, blind taxa occur together with 
the indigenous shallow-water fauna. The occurrence of this mixed fauna in is 
attributed to the influence of upwelling cooler water (Whatley et al., in press).
The ostracode assemblages from the Cangrejos Creek section (CJ 89-18-01/12) 
most closely matches modem assemblages from the Paria-Trinidad-Orinoco Shelf 
(water depth of 88  to 183 m) in the Modem Analog Technique analysis described 
earlier (Section 3.2, Table 3.3.2). Bradleya and Krithe occur together with shallow 
water taxa in the Paria and Trinidad shelf samples (Bold 1978b; Fithian, 1980). This 
area o f the Columbian and Venezuelan shelf is a region of seasonal coastal upwelling 
(Curl, 1960; Prell and Hays, 1976; Fig. 4.1.3), In this region, the Subtropical 
Underwater breaks the ocean surface, reducing sea surface temperatures about 2° C 
(Gordon, 1967). Maximum coastal upwelling along the Venezuelan coast occurs in 
the winter months, with upwelling raising isotherms 90 to 175 m, which is sufficient 
to bring nutrient-rich upper Antarctic Intermediate Water into the photic zone 
(Richards, 1960; Gordon, 1967; Herrera and Febres-Ortega, 1975). This region also 
supports a menhaden fishery, which is circumstantial evidence for the effects of 
upwelling in the region, as these fish occur in commercially important numbers only 
when sufficient food is available (Kinder et al., 1985).
The main characteristics of upwelling water masses such as those found off the 
coast of northern South America are lowered water temperature, salinity, and 
dissolved oxygen content, and enriched nutrient contents (Thiede and Suess, 1983). 
These water properties provide the ingredients for increased productivity. Two of 
these characteristics, lowered water temperature and increased biologic productivity,
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Figure 4.1.3. Map showing regions identified as upwelling zones in the southern 
Caribbean. From Gordon (1967).
lead to diagnostic signals in sediments found to underlie upwelling systems (Diester- 
Haass, 1978). In upwelling systems, nutrient-rich water rises to the surface to replace 
surface water that is moving offshore. Because this rising water originates below the 
photic zone, usually from depths of 1 0 0 -2 0 0  m or deeper, it is comparatively enriched 
in nutrients such as phosphate and nitrates. Often opportunistic species are able to 
take advantage of these unusual conditions (high nutrients, oxygen poor waters).
The high productivity of upwelling regions is characterized by high dominance 
of species and short food chains (Boje and Tomczak, 1978). This low diversity is 
found not only in the primary consumers, but in secondary consumers as well (Thiriot, 
1978). Diversity information, however, must be cautiously interpreted. In research 
conducted by Ottens and Nedergragt (1992) on the spring bloom of the northeast 
Atlantic Ocean, the nutrient-opportunistic species Globigerina bulloides d’Orbigny
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formed the bulk of the planktonic foraminiferal fauna. Simple diversity (number of 
species) did not register this bloom due to the fact that representatives of the ‘normal’ 
fauna were still present, but in reduced proportions to the opportunistic species.
Because of the unique biotic response to the phenomenon of upwelling, several 
sedimentary, isotopic, and biologic indices are currently used to measure various 
parameters of modem upwelling systems (i.e. intensity, duration, areal extent, etc.). 
Indices include organic carbon and opal content, the occurrence of “cold” planktonic 
foraminifera, the abundance of “large” diatoms (< 4 microns), the abundance and 
preservation of delicate neritic diatoms, the foraminiferal (planktonic/benthic) ratios, 
and the planktonic foraminifera/radiolarian ratio (Diester-Haass, 1977, 1978; Thiede 
and Suess, 1983; Schrader, 1992). Often it is a combination of indices, especially 
respect to paleo-upwelling systems, which makes it possible to identify an upwelling 
facies, since individual distinguishing characteristics are often insufficient or 
ambiguous (Thiede and Suess, 1983).
Diatoms are considered excellent quantitative and qualitative indicators of 
changes in primary productivity in upwelling areas (Schrader, 1992). In regions of 
normal fertility, diatom tests are dissolved before being deposited in the sediments due 
to the undersaturation of oceanic water with respect to silica. The opaline tests of 
diatoms (and other silica-producing organisms such as radiolarians and 
silicoflagellates) will only be preserved when the supply of opal to these sediments is 
sufficient to saturate the interstitial water with respect to opal.
Radiolarians are another microfaunal group often associated with areas of 
upwelling. In areas of high productivity, the ratio o f radiolarians to planktonic
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foraminifera increases in samples taken above the calcium carbonate Iysocline. This 
increase in the proportion of radiolarians is indicative of upwelling systems since 
radiolarians are nearly absent in ‘normal’ sediments because of dissolution.
As mentioned earlier, upwelling regions are marked by dramatic increases in 
biotic productivity. The upper waters are normally reduced in nutrients due to the 
utilization of available nutrients by the resident phytoplankton. As phosphate- and 
nitrate-enriched waters rise to the surface, populations of opportunistic species that are 
able to thrive in the colder and less oxygenated waters increase their populations 
rapidly. This rapid reproduction is the cause of the high productivity that is 
characteristic o f upwelling regions.
Oceanographic parameters such as temperature, availability of nutrients, and 
dissolved oxygen (among others), rather than simply water depth, are critical factors 
that influence ostracode distribution within ocean. For example, bottom water 
temperatures have been shown to be especially important for deep-sea and bathyal 
taxa, where the thermocline limits the shallowest depth of many species (Dingle et al., 
1989; Dingle and Lord, 1990; Rodriguez-Lazaro and Cronin, in press).
The presence of common neritic ostracode species and strong development of 
the eye tubercle in Echinocythereis madremastrac indicate a relatively shallow 
paleodepth for the Cangrejos Creek locality. Ostracodes living below the euphotic 
zone (<100-200  m) do not develop prominent eye tubercles as do most of the species 
living in shallower waters (Benson, 1975; Howe and Bold, 1975). In a study of 
ostracode ocular structures, Kontrovitz and Myers (1988) suggests the attenuation of 
light would limit vision to the upper 280 m in clear ocean water and to about 28-85 m
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in coastal water depending on the degree of turbidity. Given the relationship of eye 
tubercle development with turbidity and water depth, and the enormous amount of 
siliciclastic input during deposition of the Cangrejos Creek section, a relatively 
shallow paleodepth is indicated, perhaps less than 100  m.
The associated planktonic foraminiferal assemblage from the Cangrejos Creek 
section includes Neogloboquadrina acostaensis (Blow), Globigerinoides sacculifer 
(Brady) and Globigerina bulloides (H. Dowsett, USGS, personal communication, 
1994). Two of these planktonic foraminifers are extant have have been associated 
with modem upwelling areas: Globigerina bulloides and Globigerinoides sacculifer. 
These species are found predominantly in subarctic and arctic waters and are normally 
absent in tropical and subtropical waters. The presence of these two species in the 
warm neritic tropical waters of the western Caribbean is an anomoly.
Globigerina bulloides, a subpolar species, is present in the upwelling regions 
off the west coasts of India, Somalia, Peru, Morocco, and southwest Africa. The most 
abundant planktonic foraminifer in both the northwest African and the Peruvian 
upwelling systems is Globigerina bulloides, composing over 40% the total 
foraminiferal fauna in the Peruvian upwelling system and more than 30% in the 
African system (Theide and Junger, 1992). The relative abundance o f Globigerina 
bulloides has also been correlated with intense modem coastal upwelling in the 
western Arabian Sea (Prell and Curry, 1981) and it has been used as a measure of 
paleo-upwelling in the eastern Arabian Sea (Divakar Naidu, 1990).
Globigerinoides sacculifer occurs in low concentrations in restricted area in 
the main Peruvian upwelling region. The highest relative abundance, found near 10°
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S, is 15%. In the African upwelling region, Globigerinoides sacculifer is found in 
upwelling waters over a larger area and at twice the abundance of the Peruvian 
system, (more than 30% between 14° and 18° N; Thiede and Junger, 1992).
Thiede and Junger (1992) record the following species of planktonic 
foraminifers in seawater sampled three to four meters below the surface in the 
Peruvian upwelling system: Globigerina bulloides, Globigerinoides ruber 
(d’Orbigny), Globigerinoides sacculifer, Globigerinita glutinata Egger and 
Globoquadrina dutertrei (d’Orbigny). Four of these species have also been 
documented in the upwelling system off the northwest coast of Africa.
A modem analog analysis found the nearest modem analog of the Cangrejos 
Creek planktonic foraminiferal assemblages to be a region of modem oceanic 
upwelling waters on the Trinidad-Orinoco shelf (Borne et al., 1994). The presence of 
cold surfaced waters in this region gives rise to a planktonic foraminiferal population 
that is distinctly different from that of the open Caribbean Sea (Peterson, et al., 1991). 
Thus, the presence of Globigerinoides sacculifer and Globigerina bulloides in the 
planktonic foraminiferal assemblage of the Cangrejos Creek section is interpreted to 
be evidence of an upwelling system in operation during the deposition of the 
Cangrejos Creek sediments.
Benthic foraminiferal assemblages from the Cangrejos Creek section suggest a 
depositional environment at the continental shelf edge (150 - 250 m), as they include a 
mixture of shelf edge and nearshore taxa (Cassell, 1986; Collins et al., 1995a). These 
studies interpreted the mixed foraminiferal assemblage to be the result of downslope
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transport of nearshore taxa. But there is another explanation that does not require 
postmortem transport.
Bolivina subaenariensis Cushman is normally a background species in upper 
bathyal environments. However, it is present in some of the Cangrejos Creek samples 
in unusually large numbers (Fig. 4.1.4; Bome et al., 1994). It has been well 
documented that this species is tolerant of oxygen-depleted waters and is known to be 
an opportunistic species in oxygen poor, nutrient-rich waters (Sen Gupta et al., 1981; 
Sen Gupta and Machain-Castillo, 1993; Sen Gupta and Aharon, 1994). For instance, 
Bolivina subaenariensis has been documented in the living foraminiferal assemblages 
collected from bathyal hydrocarbon vents in the Gulf o f Mexico (Sen Gupta and 
Aharon, 1994). In these samples, Bolivina subaenariensis is one of two dominant 
foraminiferal species (about 30% of the assemblage) from the shallow water (218 m) 
vent samples. Bolivina subaenariensis is present in neritic and bathyal environments, 
although its relative abundance is significantly less than that documented in oxygen 
poor, nutrient-rich environments.
Sen Gupta et al. (1981) argued that anomalously high densities of fossil 
benthic foraminifera, coupled with unusual abundances of species that are generally 
rare in a particular stratigraphic facies, may indicate areas of past upwelling. This is 
the case for Bolivina subaenariensis, which is present in anomalously large numbers 
in several of the Cangrejos Creek samples, and thus is corroborating evidence for the 
presence of an upwelling system.
Collins et al. (1995b), however, reject the idea that the Cangrejos Creek 
benthic foraminifera assemblage could be the result of upwelling waters. They instead
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argue that downslope transport is the mechanism that resulted in the mixed 
assemblage. Stable isotopic analyses of Neogene neritic foraminifera from the type 
section in Cangrejos Creek (Moin Formation) indicate that “surface-water and shelf- 
edge temperatures and carbon sources are indistinguishable from present conditions”. 
It is unclear from the Collins et al. (1995b) abstract if Pleistocene ice volumes were 
taken into account with regard to the conclusions drawn from the isotopic signature of 
the benthic foraminifera.
25
F ig u re  4.1.4. Relative proportions (in percents) of Bolivina subaenariensis (solid 
line) and Melonis barleeanum (a normally deep dwelling benthic foraminifera; dashed 
line) in selected samples from the Cangrejos Creek and Lomas del Mar localities.
The upwelling of cool, nutrient-rich water that characterizes the modem 
Venezuelan shelf appears to be the ideal oceanographic conditions that allow bathyal
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ostracode taxa, such as Krithe and Bradleya, to migrate into the neritic environment. 
The combination of ecological information, morphological evidence, and 
identification of the closest modem analog in samples on the Venezuelan shelf is 
evidence that suggests a migration of normally bathyal ostracode taxa into a neritic 
environment under the influence of upwelling waters during deposition of the 
Cangrejos Creek sediments.
Lomas del Mar Member. The Lomas del Mar Member of the Moin Formation 
has been dated as latest Pliocene to early Pleistocene. The Lomas del Mar West 
section, the upper portion of the composite type section, has been dated at >1.95 —
1.5 Ma (McNeill et al., in press). These Lomas del Mar (West and East) samples 
make up part of Cluster E and all of Cluster F of the Q-mode (percent data) cluster 
analyses (Fig. 3.2.1), and Clusters 7 and 8 o f the Q-mode (presence-absence data) 
cluster analysis (Fig. 3.2.2). The coral-bearing Lomas del Mar Member caps the 40 - 
60m plateau immediately west and northwest of the city of Limon. (Fig. 2.2.2, Fig. 
2.2.4), The ostracode assemblage of Lomas del Mar Member contains many of the 
same species found in the Cangrejos Creek samples, with the primary difference being 
lower relative percentages of the bathyal assemblage (such as Bradleya, Krithe and 
Munseyella; Fig. 4.1.2). It also contains generally higher relative percentages of inner 
neritic taxa (such as Jugosocvthereis, Kangarina, Orionina, Paracytheridea and 
Radimella) (Fig. 4.1.5, Table 3.2.1). The presence of the deep water ostracode 
assemblage distinguishes these microfossil samples from other similar samples taken 
from coral-rich localities, such as the Santa Rosa Patch (Moin) and the Quebrada 
Chocolate reefal lenses.
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The Lomas del Mar Member contains a diverse ostracode assemblage, 
including Bradleya aff. B. acceptabilis, Caudites nipeensis, Cvtheropteron 
dominicanum, Jugosocythereis pannosa, Kangarina quellita, Krithe spp., 
Loxocomiculum dorsotuberculatum, Munseyella bermudezi, Costa variabilicostata 
recticostata, Orionina boldi, Paracytheridea calcitrapa, Paracytheridea tschoppi, 
Radimella confragosa, Radimella aff. i?. ovata. The dominant taxa (average > 2.5%) 
of this assemblage (Caudites nipeensis, Cytheropteron dominicanum, Jugosocythereis 
pannosa, Loxocomiculum dorsotuberculatum, Orionina boldi, Radimella confragosa 
and Radimella aff. R. ovata; Table 3.2.1) clearly indicate a relatively shallow, 
primarily warm-water, tropical reef environment.
The neritic environment suggested by the ostracode assemblage is 
corroborated by the coral assemblage. The "high percentages o f platy corals in the 
Lomas del Mar trend suggest low light intensities, and thus either deep reef (30 - 40 
m) or muddy environments at intermediate depths (10 - 30 m) (A. F. Budd, 1996; 
personal communication). The Lomas del Mar Member reefs are small (1 - 5 m wide 
by 1 - 2  m high) reefal units that were deposited in an area receiving a large amount of 
siliciclastic input (McNeill et al., in press). The corals are encased in a muddy 
siliciclastic sand matrix and did not construct a clean, carbonate framework such as 
those observed in the upper CTA Fence locality.
Several normally bathyal and outer neritic species are also present, including 
Argilloecia barrigonensis, Bradleya aff. B. acceptabilis, Krithe spp., Munseyella 
bermudezi, and Echinocythereis madremastrae. In fact, the Modem Analog Analysis 
finds the closest modem match to many of the Lomas del Mar ostracode assemblage
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to be the area of upwelling waters along the Venezuelan shelf (water depths > 125 m; 
Table 3.3.2). The in situ coral lenses indicate a water depth o f less than 40 m. If the 
interpretation of the depositional environment of the Cangrejos Creek section is 
correct, then there was at least periodic upwelling of cooler waters during the 
deposition of the Lomas del Mar West section. Cooler water temperatures, along with 
high siliciclastic input may have resulted in the small, poorly developed reefal lenses.
While ostracode and other microfossil assemblages o f  the Lomas del Mar and 
Cangrejos Creek localities provide evidence of possible upwelling, the weakness with 
this argument is that there is no mechanism that might be invoked to produce 
upwelling in the Limon area. Currently, age assignments place both of these sections 
as being deposited in eustatic highstands. However, if future age refinements place 
either the Lomas del Mar and/or the Cangrejos Creek localities as being deposited 
during a glacial period, a possible mechanism may exist. Recent research suggests 
upwelling intensified during late Pleistocene glaciations in the southern Caribbean 
(Vincent and Berger, 1981; Bowles and Fiescher, 1985; Kinder et al., 1985; Showers 
and Margolis; 1985). Intensified upwelling (and productivity) in the southern 
Venezuela Basin (Aves Ridge) during glacial episodes was evidenced by an increase 
in carbonate accumulation and an increase in carbon isotopes (Bowles and Feischer, 
1985; Showers and Margolis; 1985). The mechanism invoked to accomplish the 
increase in carbonate accumulation is an intensification of the present wind-stress 
pattern. Such an increase in wind stress would in turn cause an increase in upwelling, 
and/or perhaps extended the present-day upwelling region much farther northward.
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Kinder et al. (1985) also suggest the possibility that “recurring or semi-permanent 
eddies could have spread the influence of the upwelling farther northward”.
Empalme Mollusk samples. The silty clay sediments of the Empalme Mollusk 
samples have been assigned an age of 1.1 - 1.77 Ma. One of the samples (AB93-59- 
01) was included in the Q-mode analyses and makes up Group A of the percent data 
analysis, and is found in Cluster 5a of the presence-absence data. Two other samples, 
CJ89-36-02 and CJ95-48-01, are also from this locality, but did not meet the criteria 
(N=230) for inclusion in the cluster analysis. The dominant ostracodes of these 
samples are Reuss icy there reussi, Pellucistoma howei, and Puriana aff. P. matthewsi. 
Species diversity in these samples was low (< 18 taxa) (Table 3.1.2).
The ostracode species from this locality are characteristic of a lagoonal 
environment. Reiissicythere reussi composes from 61.8 to 77.3% of the total 
assemblage o f the Empalme Mollusk samples. Teeter (1975) found this species to be 
characteristic of, and almost restricted to, the shallower parts of the main lagoon 
biofacies of Belize. He also found it in samples from the southern nearshore stations, 
within a depth range of 1 - 6 m and a salinity that varied from 1.6 to 33 % o. Like 
Reussicythere reussi, Pellucistoma howei is also reported as characteristic of, and 
almost restricted to, the shallower parts of the main Belize lagoon biofacies. It was 
also found to be characteristic of the nearshore and estuarine biofacies of the 
Mississippi Delta in water depths of less than 30 m (Curtis, 1960). Puriana aff. P. 
matthewsi, 2.3 to 16% of the assemblages, was determined to be a good indicator o f 
the nearshore environment (Manning, 1985). Teeter (1975) found P. matthewsi to be
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restricted to the main lagoon. Modem Analog Analysis finds the closest modem 
match to AB93-59-01 to be a sample from the main Belize lagoon (Table 3.3.2).
Isolated Moin samples. Several isolated samples from the Moin Formation 
bear mentioning as they represent environments that have been poorly sampled until 
now in the study of the Limon Basin. One such location is the Pueblo Nuevo 
Cemetery, situated south of the Lomas del Mar Reefal Member and between the towns 
of Pueblo Nuevo and Limon on the north side of Route 32. This locality has been 
visited several times (CJ89-16-01/03 and DP96-03-01) because it exposes a sandy 
siliciclastic section in close proximity to the Lomas del Mar West and East section. 
The Pueblo Nuevo locality has been tentatively assigned to the Moin lagoonal facies.
Three samples from the Pueblo Nuevo Cemetery locality were included in the 
Q-mode cluster analyses. Two of the samples, CJ89-16-03 and DP96-03-01, clustered 
with the siliciclastic samples from the Rio Banano and Quebrada Chocolate 
Formations (Cluster B of the relative percent data analysis, Fig. 3.2.1), The 
ostracodes that dominate these samples include a variety of bairdiids, Basslerites spp., 
Loxocomiculum spp., Puriana spp., Orionina spp., Paracytheridea spp., Pellucistoma 
howei and Radimella spp. (Radimella aff. R. ovata and Radimella sp. A). This 
assemblage, along with the presence of Reussicythere reussi in sample CJ89-16-03, 
suggests an inner neritic environment of deposition, probably in a lagoon and very 
near to a reef. The remaining Pueblo Nuevo Cemetery sample, CJ89-16-02, 
dominated by bairdiids and Radimella spp., also indicates open marine conditions.
Thus the Pueblo Nuevo Cemetery samples are very distinct from samples of Empalme 
Mollusc locality, which represent a classic lagoonal environment. Instead, the Pueblo
1 4 7
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Nuevo Cemetery ostracode assemblages are more similar to the neritic ostracode 
assemblages of the Rio Banano and Quebrada Chocolate samples. This could be due 
to reworking of the Rio Banano sands, although the ostracode valves from the Pueblo 
Nuevo Cemetery samples, even some of the more fragile ones, showed few signs of 
transport and reworking. All of the samples have their closest modem analog in a 
sample from St. Thomas, Virgin Islands (water depth 1 m; Table 3.3.2)
Another sample that is interpreted to be from the lagoonal facies of the Moin 
Formation is the Route 32 Claystone sample (AB93-61-01). This sample was taken 
from a blue silty clay containing scattered mollusks. This sample is dominated by 
Pellucistoma howei, Triangulocypris laeva, Pseudopsammocythere sp., Cativella 
pulleyi, Cativella navis, Actinocythereis gomillionensis (juveniles only) and 
Basslerites minutus. This ostracode assemblage, like those of the Pueblo Nuevo 
Cemetery, resembles most closely the inner neritic siliciclastic samples of the Rio 
Banano Formation. Modem Analog Analysis relates this assemblage to a shallow 
water (23.5 m) sample from the Chiriqui lagoon (Table 3.3.2).
Another locality, Sea Terrace (DP96-07-01, Fig. 2.2.3), contains a very 
interesting assemblage of ostracodes, as well as a coral, mollusk, echinoderm and 
bryozoan species. The Sea Terrace locality consists of burrowed sands (tentatively 
assigned to the Pueblo Nuevo Sand Member) overlain by bedded carbonate and 
siliciclastic sediments. This outcrop is surrounded by the uplifted Holocene (?) coral 
terrace that fringes the northern Limon promontory coast. The well-preserved diverse 
ostracode assemblage includes those characteristic of a neritic environment, such as 
bairdiids, Caudites spp., Cytherelloidea spp., Loxocomiculum spp., Orionina boldi,
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Radimella wantlandi, and Xestoleberis sp. A small number o f the deeper water 
species, including Bradleya aff. B. acceptabilis, Krithe spp., Munseyella bermudezi, 
Argilloecia spp., and Echinocythereis madremastrae are also found in this sample. 
This assemblage is very similar to the Lomas del Mar West assemblage described 
above and is interpreted to be a neritic reefal environment under the influence of 
upwelling waters. This neritic environment interpretation is corroborated by the 
environmental preferences of the corals contained in the sample, which suggests a 
water depth of less than 20 m (A. F. Budd, 1996, written communication). Adding 
support to the interpretation of a neritic environment is the close match of the Modem 
Analog Analysis to a sample from 1 m water depth in St. Thomas, Virgin Islands 
(Table 3.3.2).
Recall that the Pueblo Nuevo Sands Member consists of clean well-sorted 
sands and has a mixture of both normal marine and brackish-water assemblages 
(Taylor, 1975; McNeill et al., in press). The Pueblo Nuevo Sands Member was 
sampled at Campbell's Casa (DP 96-06-01/06), about 1 km to the west on the coastal 
road to Playa Bonita (Fig. 2.2.4). Here a 1 m thick massive limestone overlies about 5 
meters of a brown sandy clay matrix enveloping a coral thicket. The contact between 
this sandy clay coral thicket and an underlying well-sorted sand lacking coral is sharp. 
This sequence is a location where the Lomas del Mar Member directly overlies the 
Pueblo Nuevo Sand Member. The burrowed sands of DP96-07-01 were tentatively 
assigned in the field to the Pueblo Nuevo Sand Member on the basis of their sandy 
lithology and stratigraphic position beneath the bedded carbonate and siliciclastic 
units considered to part of the Lomas del Mar Member. Considering the mixed
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shallow and deep-water ostracode assemblage, the poorly sorted sands and the diverse 
open marine fossil assemblage, it is more likely that these highly fossiliferous muddy 
sands may actually be a lateral, more sandy equivalent of the Cangrejos Creek type 
section.
Summary of the Moin Formation paleoenvironments. Ostracodes assemblages 
from the Moin Formation represent two primary environments: an upwelling 
assemblage of mixed neritic and bathyal ostracodes and a lagoonal assemblage of 
ostracodes. The upwelling assemblage is found in samples from the Cangrejos Creek 
and the Lomas del Mar localities. The lagoonal ostracode assemblages are found in 
the Empalme Mollusk and the Pueblo Nuevo Cemetery localities.
4.2  T h e  D e p o s it io n a l  H is t o r y  o f  t h e  L im o n  B a sin
The Limon Group formations (the Uscari, Rio Banano, Quebrada Chocolate 
and Moin Formations) record the nearshore marine record o f emergence of the 
Caribbean coastal plain (Limon Basin) of Costa Rica. Regional uplift and changes in 
eustatic sea level controlled sedimentation in this back-arc basin. The middle 
Miocene clays in the upper portion of the Uscari Formation indicate deposition in 
upper bathyal to outer neritic depths (Cassell and Sen Gupta, 1989b), or in about 300 - 
500 m water depth (Collins et al., 1995a). Shallowing to an inner to middle neritic 
environment is indicated by ostracode assemblages from the Rio Banano Formation, 
which is corroborated by benthic foraminiferal depth indicators (Collins et al., 1995a). 
Deposition of these sediments probably occurred during the transgression and
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highstand o f the early late Pliocene (Fig. 4.2.1). Several samples of the Rio Banano 
Formation have ostracodes that indicate periodic nearshore conditions and/or the 
influx of freshwater into the shallow shelf environment. This, along with the 
estimated age date of 3.8-3.6 Ma (McNeill et al., in press), would indicate deposition 
during the lowstand and/or early transgressive phase of the late early Pliocene.
Moving upsection, the younger Rio Banano Formation sections near the town of 
Bomba, deposited during the early late Pliocene (3.11 - 3.04 Ma or 3.33 - 3.22 Ma), 
would have been deposited during the late Pliocene transgression and highstand. The 
rise in eustatic sea level created sufficient accommodation space for deltaic sediment 
input, so environmental conditions did not change greatly during deposition of the Rio 
Banano Formation (Fig. 4.2.2). However, the shift in ostracode abundances between 
the Quitaria and Bomba sections indicates that while deposition continued to occur in 
an inner to middle neritic environment, an environmental change was, in fact, 
occurring. Perhaps slight changes in the rate of relative sea level rise (due to local 
tectonic uplift?) or climatic parameters (precipitation/runoff) may have caused this 
shift in ostracode assemblages. This shift may have also been due to more regional 
oceanographic conditions resulting from the shoaling of the isthmus. Benthic 
foraminifera from DSDP Site 502 indicate a brief interval of warmer, which has been 
interpreted to be an indication of more saline oceanographic conditions between 3.0 
and 2.8 Ma in the western Caribbean (McDougall, 1996). All this supports the 
conclusions o f Keigwin (1978, 1982), Duque-Caro (1990) and Coates and Obando 
(1996) that the first complete closure of the isthmus occurred during the middle 
Pliocene at around 3.5 - 3.1 Ma. Current evidence leads researchers to believe that
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while deep ocean currents were cut off in the Miocene, shallow water currents flowing 
across the Isthmus were periodically restricted and/or cut off by a combination of 
eustatic and tectonic changes.
A fall in eustatic sea level during the middle Pliocene (Fig. 4.2.1) occurs just 
prior to the earliest documented Pliocene reefs in the Limon area. This fall in sea 
level corresponds to the approximate time for the first complete emergence of the 
Central American Isthmus. The presence of the late Pliocene reefs indicates that an 
important shift in depositional style in the western Caribbean occurred at this time, as 
the depositional system in the Limon region shifted from a predominantly siliciclastic 
style to a mixed carbonate-siliciclastic system. This shift is perhaps related to the 
resulting changes in oceanographic conditions in the Western Caribbean due to the 
restriction and cutting off of shallow water currents flowing across the Isthmus.
The stacked "clean" carbonate build-ups of the Buenos Aires Member of the 
Quebrada Chocolate Formation (3.58 - 2.58 Ma) suggest deposition during a time of 
rising sea level, which corresponds to the middle Pliocene transgression (McNeill et 
al., in press; Fig. 4.2.1). Thus, while the sands of the Rio Banano Formation were 
being deposited on a shallow shelf several kilometers to the south, coral reefs were 
beginning to establish themselves in a nearshore environment just west of the city of 
Limon. In this area, rising sea level created accommodation space, which produced 
the stacked reefal system that is today exposed along Route 32 (Fig. 2.3.11). Influx of 
sediment into these reefal systems was a problem, as is indicated by low ostracode 
diversity values and instances of reefs being overrun by sediments (e.g., the Porites 
coral thicket and conglomerate bed of the Quebrada Chocolate Waterfall section).
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Onset of Northern Hemisphere glaciation began at around 3 Ma and 
culminated in the first major glacial advance at around 2.6 - 2.4 Ma, which resulted in 
a major sea level fall of 50 or more meters (Samthein and Tiedemann, 1989; Krantz, 
1991). Circulation at intermediate and shallower depths across the Central American 
Isthmus was reduced and/or cut off at this time. Deposition of the shallow marine to 
brackish water deposits of the Pueblo Nuevo Sand Member of the Moin Formation is 
thought to have occurred during the lowstand at around 2.8 Ma (McNeill et al., in 
press).
The highstand patch reefs of the Lomas del Mar Member and Empalme 
Member (1.96 - 1.77 Ma) and the forereef clays and silty sands of the Cangrejos Creek 
section (-1.5 - 0.9 Ma) of the Moin Formation were deposited in a middle neritic 
environment (Fig. 4.2.3). This deposition occurred during the peak (maximum 
flooding) of the highstand of the latest Pliocene - early Pleistocene centered at around 
2.0 Ma (Fig. 4.2.1) (McNeill et al., in press) and corresponds to a "warmer than 
present" interval recorded in the Atlantic coastal plain sediments from 2 - ~ 1.5 (?) Ma 
(Groot, 1991). The deposition of the Cangrejos Creek clays also corresponds to a 
period of high biological productivity in the eastern Gulf of Mexico (GOM). Bolivina 
subaenariensis Cushmann, an indicator of high biological productivity, dominates the 
GOM benthic foraminiferal assemblages from about 1.2-1.0 Ma (Schnitker, 1993).
Water depths in the Limon area during this highstand event are estimated to be 
less than 30 - 40 m based on in situ coral assemblages (A. F. Budd, 1996, U. Iowa, 
personal communication). Past interpretations of the benthic foraminifera 
assemblages of the Cangrejos Creek section have proposed that deposition occurred in
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outer neritic water depths. Downslope transport was proposed as the mechanism that 
produced the mixed microfaunal assemblage (Cassell, 1986; Collins et al., 1995a).
Evidence presented herein suggests an alternative explanation for the mixed 
assemblage o f  microfossils. The hypothesis suggested by the ostracode assemblages 
is that an ^ upwelling system prevailed during the deposition of the Cangrejos Creek 
section. Planktic foraminiferal assemblages and a reinterpretation of benthic 
foraminiferal assemblages corroborate this hypothesis. Such an interpretation 
suggests that significant local paleoceanographic changes were occurring in the Limon 
area during the early Pleistocene. If the interpretation of the ostracode assemblage of 
the Cangrejos Creek section is sound, and upwelling was occurring during deposition 
of these sediments, it is then difficult to infer from the ostracode assemblage what the 
water depth may have been during deposition of this section. Corals of the Lomas del 
Mar reef (which caps the Limon plateau) indicate depths of no greater than 30-40 m, 
making the depth of the forereef clays slightly deeper, but most likely still within the 
middle neritic environment. McNeill et al. (in press) propose a water depth of 25-55 
m for these clays based on present day elevation relationships. Thus, the water depth 
of the Moin Formation may be much shallower than previously proposed.
At present, lack of microfossil age data has made placing the growth of the 
Empalme Reef Member into the "Depositional Events" column of Figure 4.2.1 
difficult. The Empalme reefs are positioned between the Lomas del Mar Member and 
the Quebrada Chocolate Formation reefs, both geographically and probably 
stratigraphically. Presently, these reefs are thought to have developed at about the 
same time of the Lomas del Mar reefs, however, it may be that they represent
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development at a different (possibly earlier) highstand event. The high degree of 
weathering and recrystallization of the carbonate material in the Empalme Member 
supports this conclusion. Collection of sediments from newly exposed outcrops of 
this Member may provide ostracode and planktic foraminiferal material that will shed 
light on the age o f these sediments. The Lomas del Mar reefal ostracode assemblages 
are easily distinguished from those of the Quebrada Chocolate Formation reefs by the 
presence of the "upwelling assemblage" of ostracodes. Should this assemblage be 
found in the Empalme Member reefal sediments, it would suggest deposition under 
upwelling conditions during the late Pliocene - early Pleistocene. If the "upwelling 
ostracode assemblage" is not present, perhaps growth of the Empalme reefs occurred 
prior to development of the late Pliocene-early Pleistocene upwelling system or in an 
area unaffected by the upwelling waters.
4.3 O s t r a c o d e  B io s t r a t ig r a p h y
Bold (1966a, 1972a) established two formal biostratigraphic zones for 
Neogene formations within the Caribbean basin based on ostracodes: the 
Procythereisl deformis range zone, (N6-N16) and Radimella ex gr. confragosa range 
zone (high N17-Recent; Blow, 1969 foraminiferal zones). Partial overlap of the 
ranges of Radimella ex gr. confragosa, Orionina serrulata, Coquimba 
congestocostata, and Acuticythereisl elongata correlate with N 17-20, although Bold 
did not formally name this range zone (Bold, 1972a; also Blow, 1969 foraminiferal 
zones).
Bold (1983) replaces these two ostracode biostratigraphic zones with a "duel 
sequence of two independent sequences of zones" for the post-Eocene of the
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Caribbean Basin. His new system consists of a primary system and a secondary 
system, which when used in combination could form concurrent range zones. Bold's 
primary zones can be recognized over large areas o f the Caribbean, while his 
secondary zones are usually more restricted, perhaps only occurring in two of the 
three subprovinces. The primary zones, from older to younger, consists of 
Pokomyella "saginata" - laresensis Total Range Zone (TRZ) (Oligocene to early 
Miocene), Procythereis? deformis TRZ (early Miocene to late Miocene), Radimella 
confragosa (Edwards, 1944) Partial Range Zone (PRZ) (Pliocene), and Radimella 
wantlandi (Teeter, 1975) TRZ (Pliocene, Pleistocene to Recent) (Table 4.3.1). His 
secondary zones (subzones) consist of, from oldest to youngest, Loxoconcha 
lienenklausi PRZ (Oligocene), Triebelina howei TRZ (latest Oligocene), Hermanites 
tschoppi PRZ (early Miocene), Triebelina cmmena TRZ (early Miocene), Aurila 
amygdala PRZ (early to middle Miocene), Hermanites hutchisoni PRZ (middle 
Miocene) and Coquimba congestocostata TRZ (middle Miocene to Pliocene). This 
last zone, the Coquimba congestocostata TRZ, could be considered a primary zone for 
the late Miocene as it fills the late Miocene to Pliocene gap left between the 
Procythereis? deformis TRZ and Radimella confragosa PRZ. Bold (1988a) proposed 
an additional shallow marine ostracode biostratigraphic zone based on the ostracode 
Radimella ovata Bold 1988. The Radimella ovata TRZ extends from the first 
occurrence of Radimella in the late Miocene (late N17) to within the late early 
Pliocene (within N18).
A significant problem in the use of Radimella ovata Bold 1988 as a 
biostratigraphic marker has been recognized in the course of this work. The difficulty
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has arisen in that another Radimella species, designated as Radimella aff. R. ovata 
Bold 1988 in this work, has been recovered from samples known to be Pleistocene in 
age (Cangrejos Creek, Cemetery, and Lomas del Mar West sections). The similarity 
between the Pliocene Radimella ovata Bold 1988 recovered in the Rio Banano
samples and Radimella aff. R. ovata Bold 1988 recovered from the very late Pliocene
Table 4.3.1. Primary ostracode zonation of Bold (1983) for the post-Eocene of the 
Caribbean Basin. Planktonic foraminiferal (PF) zones according to Blow (1969).
Primary Ostracode Zone
R a d im e l la  w a n t la n d i  (Teeter, 1975) TRZ
R a d im e l la  c o n fr a g o s a  (Edwards, 1944) PRZ 
top: R a d im e l la  w a n t la n d i  FAD 
bottom: R a d im e l la  c o n fr a g o s a  FAD
C o q u im b a  c o n g e s to c o s ta ta  (Bold) PRZ 
top: R a d im e l la  c o n fr a g o s a  FAD 
bottom: P r o c y th e r e is ?  d e fo r m is  LAD 
additional zonal markers: E c h in o c y th e r e is  sp.
(= B o s q u e tin a  aff. B . ta r e n tin a  (Baird)
P r o c y th e r e i s ? d e fo r m is  (Reuss) TRZ 
additional zonal markers: A u r i la  g la e r i ta  Bold, 
Q u a d r a c y th e r e  a n t i l l e a  (Bold), H e m ic y p r id e is  
c u b e n s is  (Bold).
P o k o m y e l l a  " s a g in a ta "  (sensu Butler) - la r e s e n s is  (Bold) 
TRZ
additional zonal markers: Q u a d r a c y th e r e  
b r a c h y p y g a ia  Bold and O r io n in a  b u t le r a e  (Bold).
Age Range
Pleistocene to 
Recent; Pliocene 
Pliocene 
latest Miocene - 
latest Pliocene 
late Miocene
middle Miocene 
(early Miocene to 
late Miocene)
Oligocene to 
early Miocene
PF Zones
N20-N24
N18-N19
N17
N6-N16
P18-N5
- Pleistocene Moin material is remarkable (see Plate 6 , Fig. 7, 8 , 9,10). It may be 
that these are, in fact, the same species, and that R. ovata Bold 1988 ranges into the 
Pleistocene in the southwestern Caribbean. Or perhaps, they may be two separate, but 
closely related species of Radimella.
An alternative explanation could also be that the Radimella aff. R. ovata 
specimens in the Moin Formation have been reworked from an older unit. Most of the 
Moin specimens are in good condition, and while lack of abrasion is certainly not
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conclusive evidence for non-transportation of these ostracode valves, their good 
condition suggests that these valves have not been transported very far.
For the Radimella ovata TRZ to be o f use in the southwestern Caribbean, a 
morphometric study of this genus (particularly o f these two species) is needed and 
good quality scanning electron micrographs need to be acquired (along with clear 
descriptions) in order for ostracode workers to be able to distinguish and use the 
Radimella species as biostratigraphic markers. This is not unusual with advance 
Hemicytherid taxa; they are evolutionary end members. It is difficult to determine 
species level taxa without detailed morphometric studies, which are planned, but are 
beyond the scope of the present study.
Another ostracode may be of use in correlating stratigraphic sections o f the 
Rio Banano Formation. This species, Puriana sp. D, has only been found in samples 
from the older portions of the Rio Banano Formation (Quitaria and Lime Grove 
sections), typically in relative proportions of 20 - 50 %. It is recorded in only four 
samples from the Bomba River section, and in all four samples accounted for less than 
17% of the recovered valves. The presence of Puriana sp. D as a consistently large 
proportion of an assemblage may aid in correlating Rio Banano Formation sections in 
adjacent river valleys to the northwest and south, and perhaps with formations even 
further south in the Bocus del Toro Basin of northwestern Panama.
4 .4  O s t r a c o d e  B io g e o g r a p h y
Biogeography is the study of patterns of distribution of taxa in space and time. 
It encompasses the study of the association of taxa in terms of the history and 
dispersal of their lineages and the limiting factors associated with their geographic
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distribution. Limiting factors include anything that tends to make it more difficult for 
an organism to live, grow, or reproduce in its environment, and include physical 
factors (light, temperature, water chemistry, rainfall, physical barriers) and biotic 
factors (competition, predation, food availability; Cox et al., 1976).
Biogeographic barriers of provincial magnitude usually involve major 
environmental changes or discontinuities, such as a large shift in water depth, an 
abrupt physiographic barrier, or a sharp temperature change (Raup and Stanley, 1971), 
which tend to confine groups of species to certain regions. Areas that maintain a 
characteristic taxonomic composition are termed provinces, and have been identified 
for many taxonomic groups worldwide. For instance, Woodring (1966) defined a 
Tertiary Caribbean Province for marine mollusks that included the Isthmian region of 
the eastern Pacific south to Ecuador and the northern tip o f Peru, the Caribbean Sea 
eastward to east of the Amazon delta, and northward to include the Bay of Campeche, 
Cuba and the West Indies. The same general area was also identified as an ostracode 
province by Bold( 1970, 1974).
One model of Caribbean biogeography integrates Caribbean tectonic history 
and dispersion patterns and proposes that modem Caribbean distributions have arisen 
from a combination of geographical fragmentation (vicariance) and plate movements 
followed by allopatric speciation of the ancestral stock (Rosen, 1975). Ultimately, 
shallow marine biogeographic patterns are transitory features and are, to a large 
extent, dependent on the geography of continental land masses, the wanderings of 
lithospheric plates, and climate (Valentine, 1971). The emergence of the Central 
American Isthmus at around 3 million years ago introduced a physical barrier into a
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once continuous marine province. Recent research suggests that in some cases 
divergence in lineages between the Caribbean and Pacific marine faunas actually 
began much earlier than the date of final emergence of the isthmus, with the timing 
dependent on the disruption of a taxon's favored environment (e.g., the snapping 
shrimps o f Knowlton et al., 1993). The once continuous marine populations on either 
side of the Isthmus have already begun "to go their own independent, evolutionary 
ways" (Vermeij, 1993) and new faunal provinces are in the process of being 
established.
Ostracode provinces and subprovinces. Puri (1967) was the first among 
ostracodologists to establish ostracode faunal provinces for the Holocene o f the Gulf 
of Mexico and Caribbean. He recognized four subprovinces: Gulf of Mexico, 
Bahamas, South Florida and Venezuela. Bold (1974) established two Neogene 
provinces: the Gulfian Province and the Caribbean Province. The Gulfian Province is 
characterized by Hulingsina, groups of Haplocytheridea, species of Actinocythereis 
and Cytheretta and the absence of the genus Costa. Bold (1970, 1974, 1978a) 
subdivided the Caribbean Province into three subprovinces: the Antillean Subprovince 
(the Larger and northern Lesser Antilles), the South American Subprovince (including 
the southern Lesser Antilles and the northern shelf of South America) and the Central 
American Subprovince (including the Caribbean and Pacific continental shelves from 
Nicaragua to northern Columbia) (Fig. 4.4.1; see Bold 1972a, Fig. 1). The Antillean 
Subprovince is characterized by Quadracythere producta (Brady 1868), 
Loxocomiculum dorsotuberculata (Brady 1866), and Costa maquayensis Bold 1961. 
The South American Subprovince is characterized by Haplocytheridea larosaensis
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Figure 4.4.1. Map showing the names o f ostracode faunal provinces. Northeastern 
Pacific provinces are from Valentine (1976) (except the Gulf of California Province); 
Caribbean provinces are from Bold (1974); Atlantic provinces are from Valentine 
(1971). Boundaries are approximate. From Cronin (1987).
Bold 1950, Cytherideal bronnimanni (Bold 1958), and Costa variabilocostata (Bold 
1950) groups, as well as Costal santacrucensis Bold 1957, and the genera Cativella 
and Pellucistoma. The Central American Subprovince is characterized by a 
combination of the South American and Antillean groups and the Costa 
barrocoloradensis Bold 1967 group. Bold (1978a) also identified ostracodes found to 
be restricted in distribution: Touroconcha lapidiscola (Hartmann, 1959) (Puerto Rico 
to Nicaragua) and 'Campylocythere' perieri (Brady 1868) (South Cuba to Venezuela), 
which both follow the arc of the Lesser Antilles; Reussicythere howei (Brady, 1869) 
(Panama to Belize). Cativella, generally common through the Neogene in the 
Caribbean is abundant in isolated areas today near Panama, Venezuela, and both ends
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of the Cayman Trench (Bold, 1978a). Bold (1978a) cautions that a "mixing of the 
different faunal elements occurs from east to west across the Caribbean, so that a clear 
differentiation is not possible in the Holocene." In between the Gulfian and Caribbean 
provinces Bold (1978a) describes a wide transition zone that is characterized by 
species of Actinocythereis, Haplocytheridea ex gr. H. setipunctata, ridged and 
reticulate Cytheretta and some Campylocytheridae. These ostracodes are typical of 
the shallow carbonate platforms of the Yucatan, Cuba, Florida and the Bahamas.
In the eastern Pacific Ocean, Valentine (1976) identified four ostracode 
provinces off the west coast of the United States and Baja California: Oregonian (from 
Cape Flattery, Washington to Point Piedras Blanchas, California), Californian (Point 
Piedras Blanchas, California to Punta Eugenia, Baja California), Surian (Punta 
Eugenia, Baja California to south of Cabo San Lucas, Baja California), and 
Panamanian (Cabo San Lucas, Baja California to the southern edge of Mexico).
Bold's Central American Subprovince (1974) covers from the southern edge of the 
Mexican shelf to the northern shelf of Columbia.
More than 300 published and unpublished papers deal with the taxonomy, 
distribution and/or ecology (or paleoecology) of Cenozoic marine and marginally 
marine podocopid and platycopid ostracodes of the Caribbean (64 papers), Gulf of 
Mexico (94 papers), Atlantic Coastal Plain (31 papers) and the eastern Pacific (46 
papers) (see Appendix C for bibliographic information for papers referenced in 
Chapter 4.2). Of these works, about 60 deal directly with taxonomy. Unpublished 
theses and dissertations include Baker (1965), Engel (1956), Fithian (1980), Hulings 
(1958), Llano Garcia (1978), Manning (1985), Morales (1965), Neal (1974), Poag
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(1971), Ramirez (1980), Ramirez Castilla (1983), Teeter (1966), Waller (1961) and 
one privately published work, Darby (1965). Several papers concern broad themes 
related to the study of ostracodes, such as a synthesis of modem marine ostracode 
ecologic parameters (Hulings, 1967), depth distribution (van Morkhoven, 1972), and 
taphonomy (Krutak, 1972). With only one exception (Rothwell, 1949), abstracts have 
not been included in this tabulation.
Studies in the western hemisphere of marine and marginal marine ostracodes 
have been numerous. Appendix C contains a (partial) list of papers on ostracodes, 
with each study bearing a letter designation corresponding to one of biogeo graphic 
provinces shown in Figure 4.4.1. In most cases, the age, taxonomic group (if 
specified), and the locale for each work are also listed. Some papers were published 
in rather obscure journals and not readily available, therefore information that could 
not be gleaned from the paper's title has been left blank. In addition, older Tertiary 
(Paleocene - middle Miocene) studies were not exhaustively sought, and thus are not 
completely represented in the species list database or Appendix C.
The Ostracode Occurrence Database (OOD). Syntheses of previous 
ostracode work in the Gulf of Mexico (Hulings, 1967) and the Gulf of Mexico and 
Caribbean (Maddocks, 1974) have been very helpful in the general understanding of 
marine ostracode distribution patterns. Most authors provide a distribution summary 
(stratigraphic and/or geographic) for species included in the systematics portion of 
their paper. While helpful in a general way, this type of distribution information is 
often not referenced, and in many cases, draws on unpublished information available
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to the author. Thus, the reader may have little idea where the distribution information 
comes from and thus cannot build upon distribution information of this type.
In order to begin to comprehend the history o f ostracode dispersion in the 
western hemisphere, a marine ostracode database was compiled by the author from 
164 original species lists taken from studies of marine and marginal marine ostracodes 
conducted within the western hemisphere from the equator to approximately 45° N 
(Atlantic Ocean, Gulf o f Mexico and Caribbean Sea) and from the entire length of the 
eastern Pacific margin (Chile to Washington State). The (marine) ostracode 
occurrence database (OOD) includes the species name, the author(s) and year, the 
stratigraphic range, and geographic region of the study. The species are given exactly 
as reported in the literature and no attempt has been made to resolve synonymy of 
named species other than to reassign species to a newly described genus. Currently, 
the OOD consists o f more than 7850 species occurrences compiled from more than 
160 studies.
While the OOD can be sorted on the basis of several categories, there are 
several points of concern that must be considered in its use. First, the species list data 
is only as good as the data of the author of the paper. Since the species lists have not 
been synonomized by this author (other than moving genera to a 'newly* described 
genus), misidentifications are likely in the species lists. Even though this is a 
considerable problem, the data generated is a good first approximation of the species' 
distribution. Another problem, albeit no less significant, is that of the age assignment 
of the stratigraphic sections. The stratigraphic ranges for the species lists were taken 
'as is' from each paper and have not been standardized to any particular time scale.
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Several of the formations from which species lists were taken have been reassigned to 
different epochs (or parts of epochs) since the publication o f the paper. For example, 
some formations identified as Upper Miocene may have since been reassigned to the 
Pliocene, and some identified as part of the Pliocene may in fact be Pleistocene. A 
few authors listed a broad chro nostrati graphic assignment, such as Tertiary or early 
Cenozoic to their ostracode assemblages, which is not very useful in determining 
stratigraphic distributions of the ostracodes contained therein. In many cases, species 
lists from particular outcrops were not assigned a specific time frame, and in these 
cases, the broad age assignment of the study was used in the database, making first 
and last appearance datums murky at best. This is particularly unfortunate, as this 
lack of information hinders the development of a biostratigraphic model for the 
Caribbean. In any case, the original (broad) age information provides a first 
approximation of the stratigraphic distribution of fossil ostracodes. While beyond the 
scope of this dissertation, the OOD can be made much more useful by standardizing 
the stratigraphic ages of reported formations from the papers included in the 
compilation.
The discussion below of the geographic and stratigraphic distribution of 
several regionally important and/or easily identifiable ostracode taxa that occur in the 
Limon Group is based on information from the OOD. Some taxa, while o f great 
regional importance, are more difficult to discuss because o f difficulties with 
identification and or systematics (e.g., Radimella confragosa).
Caudites nipeensis biogeography. Caudites nipeensis occurs in 67 of 150 
samples from the Limon Group (Rio Banano Formation, 18 o f 54 samples; Quebrada
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Chocolate Formation, 22 of 41 samples; Moin Formation, 27 o f 55 samples). It is 
distributed throughout the Caribbean Province from the late Miocene to the Recent. It 
has been recorded from Recent material from the North Carolina shelf (Hazel, 1975), 
as well as two occurrences in Recent material collected from the (Pacific) Central 
American Subprovince (Gunther, 1967; Swain and Gunther, 1969). It was recorded in 
two southern Gulfian studies from the Pliocene and Recent (Machain-Castillo, 1986; 
Bold, 1988b) (Table 4.4.1).
Table 4.4.1. Caudites nipeensis identified from the eastern Pacific Ocean, Caribbean 
Sea, Gulf of Mexico and the United States Atlantic coast. ___________________
Species Reference R eported  Age O stracode  Subprovince / Location
Caudites nipeensis Bold 1946 Hazel 1975 Recent ATLANTIC N. Carolina
Caudites nipeensis Bold 1946 Bold 1971 n/a CARIBBEAN Jamaica (San San Bay, 
Bowden)
Caudites nipeensis n. sp. Bold 1946 Cretaceous to Tertiary CARIBBEAN British Honduras, 
Guatemala & Cuba
Caudites nipeensis Bold 1946 Bold 1968 Miocene CARIBBEAN Dominican Republic
Caudites nipeensis Bold 1946 Bold 1970 E. - M. Miocene CARIBBEAN St. Croix, St. Martin, 
and Anguilla
Caudites nipeensis Bold 1946 Bold 1988 M. Miocene -  Pliocene CARIBBEAN Dominican Republic 
(Rio Cana, Rio Gurabo, Rio Mao, 
and Rio Yaque del Norte sections)
Caudites nipeensis Bold 1946 Bold 1966 L  Miocene CARIBBEAN Colombia (Tubara Fm)
Caudites nipeensis Bold 1946 Bold 1963 L  Miocene -  Pliocene CARIBBEAN Trinidad, Biche core
Caudites nipeensis Bold 1946 Bold 1963 L  Miocene -  Recent CARIBBEAN Trinidad
Caudites nipeensis Bold 1946 Bold 1964 Miocene -  Recent CARIBBEAN Venezuela
Caudites nipeensis Bold 1946 Bold 1966 Miocene and Pliocene CARIBBEAN Venezuela (Cumana. Is. 
o f Cugangua. Araya Peninsula 
sections )
Caudites nipeensis Bold 1946 Bold 1969 Neogene CARIBBEAN Puerto Rico
Caudites nipeensis Bold 1946 Bold 1975 Pliocene CARIBBEAN Cuba (Matanzas, La Cruz 
Fm. section on n. coast o f Cuba)
Caudites nipeensis Bold 1946 Bold 1978 Pliocene -  Pleistocene CARIBBEAN Costa Rica
Caudites nipeensis Bold 1946 Andel and Postma 
1954
Recent CARIBBEAN Orinoco Shelf
Caudites nipeensis Bold 1946 Fithian 1980 Recent CARIBBEAN Orinoco Shelf
Caudites nipeensis Bold 1946 Keij 1954 Recent CARIBBEAN Orinoco Shelf
Caudites nipeensis Bold 1946 Teeter 1975 Recent CARIBBEAN Belize
Caudites nipeensis Bold 1946 Ramirez Castilla 1983 Recent CARIBBEAN Columbia
Caudites nipeensis Bold 1946 Manning 1985 Recent CARIBBEAN Nicaragua
Caudites nipeensis Bold 1946 Bold 1966 Recent CARIBBEAN Panama (Colon Harbor)
Caudites nipeensis Bold 1946 Baker and Hulings 
1966
Recent CARIBBEAN Puerto Rico
Caudites nipeensis Bold 1946 Machain-Castillo
1986
Pliocene GOM M exico (Veracmz)
Caudites nipeensis Bold 1946 Bold 1988 Recent GOM M exico (Campeche Shelf)
Caudites nipeensis Bold 1946 Gunther 1967 Recent PACIFIC G ulf o f  Panama
Caudites aft. C. nipeensis. Bold 1946 Swain and Gunther Recent PACIFIC Nicaragua (San Juan del Sur)
1969
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Jugosocythereis pannosa distribution. Jugosocythereis pannosa occurs in 47 
of 150 samples from the Limon Group (Rio Banano Formation, 8 of 54 samples; 
Quebrada Chocolate Formation, 19 of 41 samples; Moin Formation, 20 of 55 
samples). Jugosocythereis pannosa is reported from throughout the Gulfian and 
Caribbean Provinces (Table 4.4.2), The oldest occurrences are from the late Miocene 
of the Dominican Republic (Bold, 1988a) and the Pliocene of Cuba (Bold, 1975b) and 
Costa Rica (Bold, 1978b). The first occurrence in the Gulfian Province is in the late 
Pleistocene (Howe and Bold, 1975). It has been found in Recent material ranging 
from Flower Garden Banks in the Gulf o f Mexico (Maddocks, 1974) to the Orinoco 
Shelf off northeastern Venezuela (Fithian, 1980).
Table 4.4.2. Jugosocythereis pannosa identified from the eastern Pacific Ocean, 
Caribbean Sea, Gulf of Mexico and the United States Atlantic coast.__________
Species Reference Reported Age O stracode Subprovince /  Location
Jugosocythereis pannosa (Brady 1869) Fithian 1980 Recent ATLANTIC Orinoco Shelf
Jugosocythereis pannosa (Brady 1869) Bold 1988 M.Miocene/ 
Pliocene
CARIBBEAN Dominican Republic
Jugosocythereis pannosa (Brady 1869) Bold 1971 n/a CARIBBEAN Jamaica
Jugosocythereis pannosa (Brady 1869) Bold 1978 Pliocene CARIBBEAN Costa Rica (Mom 
Fm)
CARIBBEAN CubaJugosocythereis pannosa (Brady 1869) Bold 1975 Pliocene
Jugosocythereis pannosa (Brady 1869) Bold 1978 Pletsiocene CARIBBEAN Costa Rica
Jugosocythereis pannosa (Brady 1869) Teeter 1975 Recent CARIBBEAN Belize
Jugosocythereis pannosa (Brady 1869 Llano Garcia 1978 Recent CARIBBEAN Columbia (B <fc
Cartagena)
Jugosocythereis pannosa (Brady 1869) Ramirez 1980 Recent CARIBBEAN Columbia (u del
Rosano)
Jugosocythereis pannosa (Brady 1869) Manning 1985 Recent CARIBBEAN Nicaragua
Jugosocythereis pannosa (Brady 1869) Bold 1966 Recent CARIBBEAN Panama (Colon)
Jugosocythereis pannosa (Brady 1869) Howe and Bold 1975 L. Pleistocene GOM Louisiana
Jugosocythereis pannosa (Brady 1869) Maddocks 1974 Recent GOM Rower Banks
Jugosocythereis pannosa (Brady 1869) Bold 1988 Recent GOM Mexico (Campeche Shelf)
Jugosocythereis pannosa (Brady 1869) ICrutak 1982 Recent GOM Mexico reefs
Jugosocythereis pannosa (Brady 1869) Machain-Castillo 1989 Recent GOM southern
Jugosocythereis pannosa (Brady 1869) Machain-Castillo et 
al.,1990
Recent GOM southern
Megacythere johnsoni distribution. Megacythere johnsoni occurs in 9 of 150 
samples from the Limon Group (Rio Banano Formation, 1 o f 54 samples; Quebrada
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Chocolate Formation, 6  o f 41 samples; Moin Formation, 2 of 55 samples). It has been 
identified from both the Gulfian and Caribbean Provinces from the Miocene through 
the Recent. It has been identified only once from the eastern Pacific, in Recent 
sediments from the Estero de Tastiota Region, Sonora, Mexico, Gulf o f California 
(Benson and Kaesler, 1963) (Table 4.4.3).
Table 4.4.3. Megacythere johnsoni identified from the eastern Pacific Ocean, 
Caribbean Sea, Gulf of Mexico and the United States Atlantic coast._______
Species Reference R eported Age O straco d e  Subprovince /  Location
Megacythere johnsoni (Mincher 1941) Benson and Kaesler 1963 Recent PACIFIC G ulf o f California
Megacythere johnsoni (Mincher 1941) Engel and Swain 1967 Recent GOM Texas
Megacythere johnsoni (Mincher 1941) Hulings and Pun 1964 Recent GOM Florida
Megacythere johnsoni (Mincher 1941) King and Komicker 1970 Recent GOM  Texas bays/lagoons
Megacythere johnsoni (Mincher 1941) Krutak 1971 Recent GOM Mexico (Veracniz)
Megacythere johnsoni (Mincher 1941) Morales 1966 Recent GOM M exico (Campeche)
Megacythere johnsoni (Mincher 1941)? Bold 1963 M. Miocene - CARIBBEAN Trinidad
[listed as Paracytheroma| Recent
Megacythere johnsoni (Mincher 1941) Bold 1966 Miocene - Pliocene CARIBBEAN Venezuela
[listed as Paracytheroma|
Megacythere johnsoni (Mincher 1941) Bold 1966 Miocene - Pliocene CARIBBEAN Venezuela
[listed as Paracytheroma]
Megacythere johnsoni (Mincher 1941) Manning 1985 Recent CARIBBEAN Nicaragua
[listed as Paracytheroma]
Megacythere johnsoni (Mincher 1941)? Teeter 1975 Recent CARIBBEAN Belize
Occultocythereis angusta distribution. Occultocythereis angusta Bold 1963 
occurs in 51 of 150 samples from the Limon Group (Rio Banano Formation, 21 o f 54 
samples; Quebrada Chocolate Formation, 3 o f 41 samples; Moin Formation, 27 o f 55 
samples). It has been identified from Upper Miocene to Recent sediments of the 
Caribbean Province (Table 4.4.4). One occurrence has been reported from the 
Pliocene of the Nicoya Peninsula of Costa Rica (Bold, 1989). A Recent occurrence 
has also been reported from the Gulfian Province (Flower Garden Banks) (Maddocks, 
1974).
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Table 4.4.4, Occultocythereis angusta identified from the eastern Pacific Ocean, 
Caribbean Sea, Gulf o f Mexico and the United States Atlantic coast. ___
Species Reference R eported Age Ostracode Subprovince / Location
Occultocythereis angusta Bold 1963 Fithian 1980 Recent ATLANTIC Orinoco Shelf
Occultocy thereis angusta Bold 1963 Bold 1988 M. Miocene / Pliocene CARIBBEAN Dominican Republic (Rio 
Gurabo section)
Occultocythereis angusta, new name Bold 1963 L  Miocene - Pliocene CARIBBEAN Trinidad. Biche core
Occultocythereis angusta, new name Bold 1963 L  Miocene - Recent CARIBBEAN Trinidad
Occultocy thereis angusta Bold 1963 Bold 1968 Miocene CARIBBEAN Dominican Republic
Occultocythereis angusta Bold 1963 Bold 1971 n/a CARIBBEAN Jam aica (L  Hope River 
and San San Bay sections)
Occultocythereis angusta Bold 1963 Bold 1978 Pliocene CARIBBEAN Costa Rica (Moin Fm)
Occultocythereis angusta Bold 1963 Bold 1975 Pliocene CARIBBEAN Cuba (Matanzas)
Occultocythereis angusta Bold 1963 Bold 1975 Pliocene CARIBBEAN Cuba (n. coast of Cuba)
Occultocythereis angusta Bold 1963 Teeter 1975 Recent CARIBBEAN Belize
Occultocythereis angusta Bold 1963 Manning 1985 Recent CARIBBEAN Nicaragua
Occultocythereis angusta Bold 1963 Bold 1966 Recent CARIBBEAN Panama (Colon Harbor)
Occultocythereis angusta Bold 1963 Maddocks 1974 Recent GOM Flower Banks
Occultocythereis angusta Bold 1963 Bold 1989 Pliocene PACIFIC Costa Rica (Nicoya Peninsula)
Palaciosa distribution. Twenty-three samples from the Limon Basin contain 
small numbers of Palaciosa sp. (< 1.6 % relative abundance). It occurs in all three 
formations, from the Quitaria and Bomba River sections, to the Quebrada Chocolate - 
Waterfall section, to the Lomas del Mar Member of the Moin Formation, where it is 
present in a number of samples. The Palaciosa genus was first recognized from 
material in the Pliocene o f Chile. The presence of the genus east of the Central 
American Isthmus has be used as evidence of faunal exchange between the Pacific and 
the Caribbean/Atlantic basins (Hazel, 1977, 1983; Cronin and Hazel 1980). Ten 
occurrences of named Palaciosa are recorded in the OOD, with five species left in 
open nomenclature (Table 4.4.5). Represented are: Palaciosa chilensis (Hartmann 
1962) (Pliocene of Chile), Palaciosa cracenta Bate, Whittaker and Mayes 1981 
(Recent of the Galapagos Islands), Palaciosa minuta (Edwards 1944) (late Pliocene to 
early Pleistocene of North and South Carolina and Virginia), Palaciosa vandenboldi 
Hartmann 1959 (Pliocene of Chile, Venezuela, and the Nicoya Peninsula, Costa Rica).
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Table 4.4.5. Palaciosa identified from the eastern Pacific Ocean, Caribbean Sea, 
Gulf of Mexico and the United States Atlantic coast.
Species Reference Reported Age O stracode Subprovince / Location
Palaciosa cracenta sp. nov. B ateetal., 1981 Recent PACIFIC Galapagos Islands
Palaciosa mmuta (Edwards 1944) Hazel 1983 Pliocene ATLANTIC North Carolina
Palaciosa minuta (Edwards 1944) Cronin and Hazel Pliocene ATLANTIC North and South
1980 Carolina
Palaciosa minuta (Edwards 1944) Hazel 1977 Pliocene - E. ATLANTIC Virginia
Pleistocene
Hemicythere minuta, n. sp. [= Palaciosa) Edwards 1944 L. Miocene ATLANTIC N. Carolina
Palaciosa vandenboldi Hartmann 1959 Bold 1989 Pliocene PACIFIC Costa Rica (Nicoya)
Palaciosa vandenboldi Hartmann 1959 Bold 1964 Miocene -  Recent CARIBBEAN Venezuela
Palaciosa vandenboldi Hartmann, 1959 Hartmann, 1971 Pliocene PACIFIC Chile
Palaciosa chilensis (Hartmann 1962) Hartmann, 1971 Pliocene PACIFIC Chile
Palaciosa cf. P. chilensis (Hartmann 1962) Hartmann. 1971 Pliocene PACIFIC Chile
Palaciosa sp. Bold 1975 Pliocene CARIBBEAN Cuba
Palaciosa sp. A, sp. B, sp. C, sp.-D Valentine 1976 Recent PACIFIC N. America
Pseudoceratina droogeri Bold 1965 distribution. Pseudoceratina droogeri 
Bold 1965 occurs in 29 of 150 samples from the Limon Group (Rio Banano 
Formation, 11 of 54 samples; Quebrada Chocolate Formation, 0 of 41 samples; Moin 
Formation, 18 of 55 samples). It has been reported from the Caribbean Province from 
the Upper Miocene to the Recent (Table 4.4.6). The only occurrence outside the 
Caribbean Province is reported from the Gulfian Province, the Recent of the Mexican 
shelf (Bold, 1988b). Pseudoceratina droogeri Bold 1965 is the only species in the 
database thus far assigned to this genus.
Table 4.4.6. Pseudoceratina droogeri Bold 1965 identified from the eastern Pacific 
Ocean, Caribbean Sea, Gulf of Mexico and the United States Atlantic coast.______
Species Reference R eported  Age O stracode Subprovince /  Location
Pseudoceratina droogeri Bold 1965 Fithian 1980 Recent ATLANTIC Orinoco Shelf
Pseudoceratina droogeri Bold 1965 Bold 1988 M. Miocene - Pliocene CARIBBEAN Dominican Republic (Rio 
Cana, Rio Gurabo, and Rio Mao 
sections)
Pseudoceratina droogeri Bold 1965 Bold 1968 Miocene CARIBBEAN Dominican Republic
Pseudoceratina droogeri Bold 1965 Bold 1978 Pliocene -  Pleistocene CARIBBEAN Costa Rica
Pseudoceratina droogeri Bold 1965 Ramirez Castilla 
1983
Recent CARIBBEAN Columbia
Pseudoceratina droogeri Bold 1965 Manning 1985 Recent CARIBBEAN Nicaragua
Pseudoceratina droogeri Bold 1965 Bold 1966 Recent CARIBBEAN Panama (Colon Harbor)
Pseudoceratina droogeri Bold 1965 Bold 1988 Recent GOM Mexico (Campeche Shelf)
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Reussicythere reussi distribution. Reussicythere reussi occurs in 4 of 150
samples from the Limon Group (Rio Banano Formation, 0 of 54 samples; Quebrada
Chocolate Formation, 0 of 41 samples; Moin Formation, 4 of 55 samples). It is the
only species reported in this genus in the OOD (Table 4.4.7). Brady first described it
from Colon, Panama. Its first appearance is in the Pliocene sediments of the Limon
Basin. It has been recorded from the (Caribbean) Central American Subprovince from
Belize (Teeter, 1975) to Bahia de Cartagena, Columbia (Llano Garcia, 1978).
Table 4.4.7. Reussicythere reussi identified from the eastern Pacific Ocean, 
Caribbean Sea, Gulf of Mexico and the United States Atlantic coast.
Species Reference Reported Age Ostracode Subprovince/Location
Reussicythere reussi (Brady 1869) Bold 1978 Pliocene CARIBBEAN Costa Rica (Moin Fm)
Reussicythere reussi (Brady 1869) Bold 1966 Recent CARIBBEAN Panama (Colon Harbor)
Reussicythere reussi (Brady 1869) Llano Garcia 1978 Recent CARIBBEAN Columbia (B. de Cartagena)
Reussicythere reussi (Brady 1869) Teeter 1975 Recent CARIBBEAN Belize
Touroconcha lapidiscola distribution. Touroconcha lapidiscola occurs in 70 
of 150 samples from the Limon Group (Rio Banano Formation, 36 of 54 samples; 
Quebrada Chocolate Formation, 9 of 41 samples; Moin Formation, 25 of 55 samples). 
It has migrated across the Caribbean Province from east to west, the earliest reported 
occurrence from the Upper Miocene of the Dominican Republic (Bold, 1988a) and 
Trinidad (Bold, 1963b). In the Pliocene, it has been reported from both coasts of 
Costa Rica (Bold, 1978b, 1989), as well as Vera Cruz, Mexico (Machain-Castillo, 
1986) and Cuba (Bold, 1975b) (Table 4.4.8). In the Recent, it has reported 
occurrences in the eastern Pacific from the Galapagos Islands (Bate et al., 1981), the 
Gulf of Panama (Gunther, 1967; Ishizaki and Gunther, 1976), San Juan del Sur, 
Nicaragua (Swain and Gunther, 1969) and the west coast of the United States (Swain, 
1969). Bold (1978, 1988) reports a broader distribution o f Touroconcha lapidiscola in
1 7 4
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the Holocene: Puerto Rico, the Lesser Antilles, southern Caribbean, and the Central
American coast (as far as the Miskito Keys). Bold (1988a) discusses the possibility of
three subspecies of Touroconcha lapidiscola based on the indented (or interrupted)
Table 4.4.8. Touroconcha lapidiscola identified from the eastern Pacific Ocean, 
Caribbean Sea, Gulf of Mexico and the United States Atlantic coast._______________
Species
Touroconcha lapidiscola (Hartmann 1959) 
Touroconcha lapidiscola (Hartmann 1959) 
[listed as Loxoconcha]
Touroconcha lapidiscola (Hartmann 1959)
Reference
Bold 1968 
Bold 1964
Bold 1966
Touroconcha lapidiscola (Hartmann 1959) Bold 1988
Touroconcha lapidiscola (Hartmann 1959) Bold 1963
Touroconcha lapidiscola (Hartmann 1959) Bold 1971
Touroconcha lapidiscola (Hartmann 1959) 
[listed as Loxoconcha]
Touroconcha lapidiscola (Hartmann 1959) 
Touroconcha lapidiscola (Hartmann 1959) 
Touroconcha lapidiscola (Hartmann 1959) 
Touroconcha lapidiscola (Hartmann 1959) 
[listed as Loxoconcha]
Touroconcha lapidiscola (Hartmann 1959) 
[listed as Loxoconcha]
Touroconcha lapidiscola (Hartmann 1959) 
Touroconcha lapidiscola (Hartmann 1959) 
Touroconcha lapidiscola (Hartmann 1959) 
Touroconcha lapidiscola (Hartmann 1959) 
Touroconcha ? lapidiscola (Hartmann 1959) 
 [listed as Loxoconcha]______________
Bold 1978
Bold 1975 
Bold 1966
Machain-Castillo 1986 
Bold 1989
Swain 1969
Bate ct at., 1981 
Gunther 1967 
Ishizaki and Gunther 1976 
Swain and Gunther 1969 
Swain and Gilby 1974
Reported Age Ostracode Subprovince / Location
Miocene CARIBBEAN Dominican Republic
Miocene -  CARIBBEAN Venezuela
Recent
Miocene and CARIBBEAN Venezuela (Araya 
Pliocene Peninsula & Cumana)
M. M iocene- CARIBBEAN Dominican Republic 
Pliocene (Rio Cana and Rio Gurabo sections)
L  Miocene -  CARIBBEAN Trinidad, Biche core 
Pliocene
n/a CARIBBEAN Jamaica (San San
Bay)
Pliocene CARIBBEAN Costa Rica (Moin Fm)
Pliocene CARIBBEAN Cuba (Matanzas)
Recent CARIBBEAN Panama (Colon)
Pliocene GOM Mexico (Veracruz)
Pliocene PACIFIC Costa Rica (Nicoya)
Recent PACIFIC California, Oregon,
Washington, Baja California 
Recent PACIFIC Galapagos Islands
Recent PACIFIC G ulf o f Panama
Recent PACIFIC G ulf o f Panama
Recent PACIFIC Nicaragua (S. Juan del Sur)
Recent PACIFIC North & Central America
posteroventral ridge: a Central American form (with indentation in the female only), a 
Caribbean form (without indentation), and a Galapagos form (with an indentation in 
both the male and female).
Summary. The Ostracode Occurrence Database (OOD) forms the basis for 
the investigation of ostracode distribution through geologic time and geographic 
space. For instance, evidence o f (a) shallow water connection(s) between the Pacific 
Ocean and Caribbean Sea is supported by the distribution of neritic ostracode species 
such as Caudites nipeensis, Megacythere johnsoni, Occultocythereis angusta, and
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Touroconcha lapidiscola, and is made evident by scanning the OOD queries presented 
above. Another benefit of the OOD is that it allows for the quick location of author 
and publication information, and it would be made even more useful by the inclusion 
of illustration and/or scanning electron micrograph information.
Certainly, the OOD make possible a systematic method of examining 
biogeographic questions, that prior to its compilation was difficult and time 
consuming at best. While there are problems with the data, such as confused 
taxonomy and poor age dating o f the stratigraphic sections, the OOD can be a 
powerful tool for the examination of biotic turnover events in ostracode fauna of the 
Caribbean, as well as for the examination of the timing of tectonic and oceanographic 
events (for instance, Central American Isthmus emergence).
4.5  F u t u r e  R e s e a r c h  D ir e c t io n s
This study of shallow marine ostracodes from the Limon Basin makes possible 
the refinement of species ranges in both space and time, and allows for examination of 
their possible relationship to major environmental changes related to the shoaling and 
emergence of the Central American Isthmus. This study lays the foundation for a host 
of future investigations, including estimation of paleotemperatures from the 
magnesium-calcium ratio of Krithe valves (Dwyer and Cronin, 1996), as well as rates 
of speciation and extinction of tropical ostracodes.
As is usual with any project (research or otherwise) one might undertake, it is 
usually in the midst of the undertaking that one becomes aware of new and interesting 
directions that the project might take, or of supporting areas that might be expanded in 
order to bring insight into the original problem. Such has been the case with this
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dissertation project. Several projects that will form the basis o f future work, and bring 
insight into topics explored in this dissertation, are briefly outlined below.
Ostracode Taxonomy. While the purpose of this dissertation research was 
not one of ostracode taxonomy, it quickly became apparent that a good taxonomic 
base was critical. Some taxonomic problems were encountered, as in the case of 
Radimella ovata Bold 1988 and Radimella aff. Radimella ovata Bold 1988 outlined in 
Section 4.3. The H. V. Howe Microfossil Museum at Louisiana State University 
enabled comparison of reposited specimens with my Costa Rican specimens. Dr. 
Hazel's extensive original reprint collection permitted the use o f fairly decent quality 
photographs for comparative purposes. Despite access to this wealth of information, 
in many cases the photographic quality contained in some of the reprints made their 
use very difficult. In some cases, only copies of papers were available, and plate 
reproduction was especially poor, making their use impossible for identification 
purposes. Virtual museum projects such as the Neogene Marine Invertebrates of 
Tropical America (NMITA; located at the Internet address, http://porites.uiowa.edu/ 
NMITA.html), will incorporate high quality digital scanning electron micrographs of a 
variety of tropical marine invertebrates and will ultimately make access to clear 
identification photos much easier. Scanning electron micrographs of the Limon Basin 
ostracodes included in this study (some of which are illustrated in the plates of this 
dissertation) will be incorporated into the NMITA virtual museum and will be 
available to assist future ostracode workers in projects related to tropical ostracodes.
Paleotemperature Analysis using Mg/Ca of Krithe Carapaces. Trace 
element and isotopic analysis of microfossil shell compositions has enabled a greater
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and more detailed understanding of paleoceanographic and paleoclimatic changes 
through geologic time. Variations in the ratio of magnesium to calcium in fossil 
ostracodes have recently been used to trace changes in water temperatures of the deep 
North Atlantic (Dwyer et al., 1995; Cronin et al., 1995). Determination of the 
magnesium to calcium ratio in Krithe valves from the Cangrejos Creek section will 
enable the calculation of the water temperature and may shed light on the character of 
the upwelling system proposed to have been in operation during deposition of the 
Moin Formation.
Another area o f interest is the ostracode record o f other western Caribbean 
basins. A preliminary study and comparison of the ostracodes of the Bocus del Toro 
Basin of northwestern Panama has already been published (Bome et al., in press). A 
more detailed study combined with updated chronostratigraphy will provide material 
with which to see if paleoenvironmental changes and their timing compare favorably. 
Samples upon which this study will be based are reposited at the Smithsonian 
Museum of Natural History, Washington, D. C.
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CHAPTER 5
CONCLUSIONS
Two of the principal goals of this study were to document the ostracode 
assemblages of the Limon Basin of Costa Rica and to describe the paleoenvironmental 
history of the Limon Basin in the Western Caribbean during the late Pliocene and early 
Pleistocene (3 to 1 Ma). Conclusions with regard to these goals include:
— Marine ostracodes collected from the Rio Banano, Quebrada Chocolate and Moin 
Formations indicate deposition took place on the Costa Rican continental shelf in a 
range of environments including shoreface, lagoon, reef and forereef settings. 
Paleoenvironmental interpretations are based on Q-mode cluster analyses of relative 
abundance and presence-absence data and a modem tropical ostracode analog 
analysis.
— Nearshore marine ostracode assemblages from the Rio Banano Formation are 
dominated by the ostracode genera Basslerites, Pellucistoma, Puriana, and 
Radimella, which are characteristic of deposition in the inner neritic to middle 
neritic zone. The presence of ostracode species tolerant of low or variable salinities 
in the sections (primarily Perissocytheridea spp.) indicates the influence of 
freshwater input into the nearshore environment. The Quiteria and Bomba area 
sections are very similar in terms of characteristic ostracodes, which indicates that 
environmental conditions were fairly consistent for several hundred thousand years. 
However, these sections can be distinguished from one another by shifts in 
dominant species. This shift in dominance is interpreted to be a shift, albeit very 
subtle, in the depositional environment. The deltaic sediments of the Rio Banano 
Formation were deposited during the middle Pliocene transgression and highstand.
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— The Quebrada Chocolate Formation contains a series of coral reef buildups that also 
developed during the middle Pliocene highstand around 3.4 Ma. Ostracodes 
characteristic of the coral-rich samples include Caudites nipeensis, Jugosocythereis 
pannosa, Loxocorniculum spp., Orionina vaughani, Paracytheridea tschoppi, 
Quadracythere howei and Radimella confragosa. The Quebrada Chocolate 
Formation reefal sediments are characterized by low ostracode diversity, which is 
attributed to high sediment influx into the reefal environment.
— Extensive fieldwork in the Limon area revealed a variety of shallow marine 
depositional environments preserved in the sediments of the Moin Formation. 
Ostracodes were recovered from what is interpreted to be lagoon, reef, and forereef 
settings that developed during highstands of the very late Pliocene and early 
Pleistocene. The dominant ostracodes of the Empalme Mollusk assemblage include 
Reussicythere reussi, Pellucistoma howei and Puriana aff. P. matthewsi. This 
assemblage, which has a low species diversity, is interpreted to represent a shallow 
lagoonal environment.
— The Cangrejos Creek section contains a mixture of neritic and bathyal ostracodes.
It is proposed that cool, nutrient-rich water upwelled onto the shelf in the Limon 
area, enabling the normally outer neritic and bathyal ostracode taxa (such as Krithe 
sp. and Bradleya aff. B. acceptabilis) to migrate into the neritic environment.
— The coral- and mollusk-rich Lomas del Mar localities are patch reef deposits 
developed in shallow marine waters (<40 m). The ostracodes characteristic of these 
reefs include Caudites nipeensis, Cytheropteron dominicanum, Jugosocythereis 
pannosa, Loxocorniculum dorsotuberculatum, Orionina boldi, Radimella 
confragosa, and Radimella aff. R. ovata. These coral-rich samples also contain 
many of the outer neritic and bathyal species which dominant the Cangrejos Creek 
samples (e.g., Argilloecia barrigonensis, Bradleya aff. B. acceptabilis, Krithe spp.,
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Echinocythereis madremastrae and Munseyella bermudezi), indicating that 
up welling was occurring during the development of the Lomas del Mar patch reefs.
Another goal of this study is to develop an ostracode biostratigraphic 
correlation model within the Western Caribbean geographic area. Conclusions with 
regard to this goal include:
— Only one ostracode appears to have local biostratigraphic potential, that is Puriana 
sp. D of the Rio Banano - Quiteria section. This species of Puriana is a 
conspicuous component of the Quiteria assemblage and is reduced or absent from 
the uppermost part of the formation at Bomba.
— Another species, Radimella ovata, has a restricted stratigraphic range of upper N17 
to lower N18 (latest Miocene to late early Pliocene) according to Bold (1988a) and 
has been used by him as a regional biostratigraphic marker for sections in 
Venezuela, Trinidad and Costa Rica (Cassell 1986; Bold, 1988a; Cassell and Sen 
Gupta, 1989b; Collins et al., 1995a). Radimella aff. R. ovata (Plate 6, Fig. 7,8) 
appears in late Pliocene and Pleistocene sediments of the Moin Formation and is 
practically identical to Radimella ovata (Plate 6, Fig. 9,10). Problems in 
distinguishing these two taxa make it difficult to use Radimella ovata as a 
biostratigraphic marker in the Limon area. Further taxonomic work is needed to 
determine if these two taxa are conspecific. If they are, it may be that Radimella 
ovata has a diacronous last occurrence across the Caribbean, with the species 
surviving into the early Pleistocene in the western Caribbean.
Interest in tropical paleoceanographic and climatic changes with respect to the 
closure o f the Central American Isthmus form the basis of the two remaining goals of 
this study. They are to determine the effect of the closure of the Central American 
Isthmus on Western Caribbean oceanography and to determine the effect of Northern
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Hemisphere glaciation occurring at 2.4 Ma on the tropical climate and shallow marine
faunas of the western Caribbean.
— Ostracode taxa occurring throughout the Limon Group are those typical of tropical 
neritic environments and do not provide evidence that the tropics cooled 
dramatically during the late Pliocene (from 2.8 to 2.3 Ma).
— Despite lack o f evidence for tropical cooling in the Limon area when the Northern 
Hemisphere was entering the Modem Ice Age, the Limon shelf did experience 
important changes in paleoceanographic conditions during the late Pliocene. The 
most obvious is the change from a predominantly siliciclastic depositional system 
(the Rio Banano Formation) to a mixed carbonate-siliciclastic system and the 
establishment of coral reefs in the late Pliocene and early Pleistocene (the Quebrada 
Chocolate and Moin Formations). The shift in species proportions in the Rio 
Banano Formation is another indication that environmental conditions were indeed 
changing during the late Pliocene.
— The temporary establishment of a coastal upwelling system on the continental shelf 
near Limon in the early Pleistocene, as inferred from the ostracode assemblages of 
the Cangrejos Creek section and the Lomas del Mar Reef Member is an indication 
that paleoceanographic changes were occurring in the western Caribbean during the 
early Pleistocene.
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PLATES
Plate 1
All scale bars measure 100 (am.
HVH = H. V. Howe Microfossil Collection,
Louisiana State University, Baton Rouge, Louisiana
1 Actinocythereis gomillionensis (Howe and Ellis 1935)
RV, CJ89-22-06 (HVH 11676)
2 Ambocythere exilis Bold 1966
LV, CJ89-18-04 (HVH 11677)
3 Argilloecia barrigonensis Bold 1966
RV, CJ89-18-04 (HVH 11678)
4 Aurila macropunctata (Bold 1946)
LV, DP96-13-04 (HVH 11679)
5 Basslerites minutus Bold 1953
LV, AB93-69-10 (HVH 11680)
6 Basslerites cf. B. cuspidatus Bold 1966
LV, AB93-69-07 (HVH 11681)
7 Bradleya aff. B. acceptabilis Lubimova and Sanchez-Arango 1974
LV, CJ89-18-03 (HVH 11682)
8 Bradleya aff. B. acceptabilis Lubimova and Sanchez-Arango 1974
RV, CJ89-18-07 (HVH 11683)
9 Bythoceratina monoceros Bold 1988
RV, CJ95-54-02 (HVH 11684)
10 Caribbella puseyi Teeter 1975
LV, DP95-04-01 (HVH 11685)
11 Cativella pulleyi Teeter 1975
LV, AB93-69-07 (HVH 11686)
12 Cativella navis Coryell and Fields 1937
RV, AB93-69-03 (HVH 11687)
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Plate 2
All scale bars measure 100 jam.
1 Caudites nipeensis Bold 1946
RV, AB93-47-01 (HVH 11688)
2 Caudites howei Puri 1960
RV, CJ92-06-19 (HVH 11689)
3 Caudites rectangularis (Brady 1869)
LV, DP96-13-06 (HVH 11690)
4 Caudites rectangularis (Brady 1869)
RV, CJ89-18-03 (HVH 11691)
5 Coquimba fissispinata (Benson and Coleman 1963)
LV, AB93-67-06 (HVH 11692)
6 Caudites cf. C. medialis Coryell and Fields 1937
RV, DP96-03-01 (HVH 11693)
7 Cytheropteron dominicanum Bold 1988
LV, CJ95-54-01 (HVH 11694)
8 Costa variabilicostata recticostata Bold 1970
LV. CJ95-54-03 (HVH 11695)
9 Cytheropteron wardensis Puri 1954
RV, DP96-01-01 (HVH 11696)
10 Echinocythereis madremastrae Bold 1988
RV, CJ95-54-02 (HVH 11697)
11 Eucytherura ex. gr. E. complexa Brady 1866
LV, AB93-65-01 (HVH 11698)
12 Gangamocytherideal plicata Bold 1968
RV, AB93-70-02 (HVH 11699)
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Plate 3
All scale bars measure 100 pm.
1 Hulingsina sp. A
RV,CJ89-16-03 (HVH 11700)
2 Kangarina quellita Coryell and Fields 1937
LV, CJ95-54-01 (HVH 11701)
3 Hermanites homibrooki (Puri 1960)
LV, AB93-71-04 (HVH 11702)
4 Kangarina sp. B
LV, CJ95-54-06 (HVH 11703)
5 Jugosocythereis pannosa (Brady 1869)
RV, AB93-47-01 (HVH 11704)
6 Kangarina depressa Bold 1968
LV, CJ95-54-04 (HVH 11705)
7 Krithe sp. A
INT, CJ89-18-04 (HVH 11706)
8 Krithe sp. A
RV, CJ89-18-04 (HVH 11707)
9 Loxocorniculum oculocrista Teeter 1975
LV, DP96-10-01 (HVH 11708)
10 Loxoconcha wilberti Puri 1954
LV, AB93-73-04 (HVH 11709)
11 Loxocorniculum Jischeri (Brady 1869)
LV, AB93-56-03 (HVH 11710)
12 Loxocorniculum dorsotuberculatum (Brady 1866)
LV, AB93-56-03 (HVH 11711)
209
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
210
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Plate 4
All scale bars measure 100 (am.
1 Munseyella bermudezi Bold 1966
LV, CJ89-18-04 (HVH 11712)
2 Megacythere johnsoni (Mincher 1941)
LV, CJ95-53-01 (HVH 11713)
3 Neocaudites sp. C
RV, AB93-69-08 (HVH 11714)
Occultocythereis angusta Bold 1963 
LV, AB93-71-04 (HVH 11715)
Paracytheridea calcitrapa Bold 1988 
LV, AB93-70-02 (HVH 11716)
Orionina boldi Cronin and Schmidt 1981 
LV, DP96-09-01 (HVH 11717)
Paracytheridea tschoppi Bold 1946 
LV, AB93-70-10 (HVH 11718)
Orionina vaughani (Ulrich and Bassler 1904) 
LV, AB93-70-05 (HVH 11719)
Paracytheridea edwardsi Teeter 1975 
RV, AB93-67-07 (HVH 11720)
10 Parakrithe alta Bold 1988
LV, CJ 89-18-04 (HVH 11721)
11 Palaciosa sp. ?
RV, CJ89-18-03 (HVH 11722)
12 Pellucistoma howei Coryell and Fields 1937
RV, AB93-69-08 (HVH 11723)
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Plate 5
All scale bars measure 100 pm.
1 Puriana gatunensis (Coryell and Fields 1937)
LV, AB93-69-03 (HVH 11724)
2 Puriana gatunensis (Coryell and Fields 1937)
RV, AB93-67-06 (HVH 11725)
3 Puriana minuta Bold 1963
LV, AB93-69-16 (HVH 11726)
4 Puriana minuta Bold 1963
RV, DP96-03-01 (HVH 11727)
5 Puriana sp. D
LV, AB93-67-10 (HVH 11728)
6 Puriana sp. D
RV, AB93-67-10 (HVH 11729)
7 Puriana sp. H
LV, AB93-69-03 (HVH 11730)
8 Puriana sp. H
RV, AB93-69-03 (HVH 11731)
9 Puriana aff. P. matthewsi Teeter 1975
LV, AB95-06-01 (HVH 11732)
10 Puriana aff. P. matthewsi Teeter 1975
RV, AB93-60-01 (HVH 11733)
11 Puriana sp. K
LV, AB93-69-03 (HVH 11734)
12 Puriana sp. K
RV, AB93-69-03 (HVH 11735)
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Plate 6
All scale bars measure 100 |im.
1 Puriana aff. P. carolinensis Hazel 1980
LV, AB93-69-03 (HVH 11736)
2 Puriana aff. P. carolinensis Hazel 1980
RV, AB93-69-03 (HVH 11737)
3 Quadracythere producta (Brady 1868)
LV, AB93-70-10 (HVH 11738)
4 Quadracythere howei (Puri 1953)
LV, AJB93-70-04 (HVH 11739)
5 Radimella confragosa (Edwards 1944)
LV, DP96-09-01 (HVH 11740)
6 Radimella confragosa (Edwards 1944)
RV, DP96-09-01 (HVH 11741)
7 Radimella aff. R. ovata Bold 1988
LV, AB93-65-01 (HVH 11742)
8 Radimella aff. R. ovata Bold 1988
RV, AB93-65-01 (HVH 11743)
9 Radimella ovata Bold 1988
LV, AB93-73-02 (HVH 11744)
10 Radimella ovata Bold 1988
RV, AB93-69-03 (HVH 11745)
11 Radimella wantlandi (Teeter 1975)
LV, AB93-67-05 (HVH 11746)
12 Radimella wantlandi (Teeter 1975)
RV, AB93-70-10 (HVH 11747)
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Plate 7
All scale bars measure 100 pm.
1 Perissocytheridea subrugosa (Brady 1870)
RV, AB93-70-08 (HVH 11748)
2 Perissocytheridea aff. P. rugata Swain 1955
RV, AB95-06-01 (HVH 11749)
3 Pseudoceratina droogeri Bold 1965
LV, CJ95-54-04 (HVH 11750)
4 Pumilocytheridea sandbergi Bold 1963
RV, CJ89-20-05 (HVH 11751)
5 Reussicythere reussi (Brady 1869)
LV, AB93-59-01 (HVH 11752)
6 Reussicythere reussi (Brady 1869)
RV, AB93-59-01 (HVH 11753)
7 Touroconcha lapidiscola (Hartmann 1959)
LV, AB93-69-03 (HVH 11754)
8 Triangulocypris laeva (Puri 1960)
RV, AB93-61-01 (HVH 11755)
9 Unknown sp. B
RV, DP96-03-01 (HVH 11756)
10 Xestoleberis sp. A
LV, AB93-67-10 (HVH 11757)
11 Polycopid
DP96-07-01 (HVH 11758)
12 Myodocopid
DP96-03-01 (HVH 11759)
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APPENDIX A: FOSSIL SAMPLE INFORMATION
Appendix A.l. Sample list in field number order. “PPP number” is the Panama 
Paleontology Project collection number and refers to samples reposited at the 
Smithsonian Museum of Natural History, Washington D.C. Formation 
abbreviations: RB = Rio Banano Formation, QC = Quebrada Chocolate Formation, 
M = Moin Formation.
FM Descriptive field label Field number PPP number
QC Brasso Seco AB93-05-P3 1432
M Av. Barricuda AB93-22-02 1433
M Av. Barricuda AB93-22-03 1434
QC Moin Flat Field AB93-34-02 1435
QC Moin Flat Field AB93-34-03 2003
QC La Colina Truck Stop AB93-38-02 1348
M Route 32 Stadium AB93-41-01 1438
M Av. Barricuda - Fence AB93-47-01 1357
QC Moin Flat Field AB93-56-03 1442
M Rt. 32 Mollusk Heaven AB93-59-01 1369
QC Rt. 32 Chiquita Gate AB93-60-01 1370
M Rt. 32 Claystones AB93-61-01 1371
M Av. Barricuda - Dorms AB93-65-01 1375
M Av. Barricuda - Dorms AB93-66-01 1376
QC Quebrada Chocolate - Waterfall AB93-67-P1 1444
QC Quebrada Chocolate - Waterfall AB93-67-P2 1377
QC Quebrada Chocolate - Waterfall AB93-67-P3 1378
QC Quebrada Chocolate - Waterfall AB93-67-P4 1382
QC Quebrada Chocolate - Waterfall AB93-67-P5 1383
QC Quebrada Chocolate - Waterfall AB93-67-P6 1451
QC Quebrada Chocolate - Waterfall AB93-67-P7 1454
QC Quebrada Chocolate - Waterfall AB93-67-P8 1455
RB Rio Banano - Quiteria AB93-69-01 1391
RB Rio Banano - Quiteria AB93-69-02 1456
RB Rio Banano - Quiteria AB93-69-03 1457
RB Rio Banano - Quiteria AB93-69-04 1458
RB Rio Banano - Quiteria AB93-69-05 1459
RB Rio Banano - Quiteria AB93-69-06 1460
RB Rio Banano - Quiteria AB93-69-07 1461
RB Rio Banano - Quiteria AB93-69-08 1462
RB Rio Banano - Quiteria AB93-69-09 1463
RB Rio Banano - Quiteria AB93-69-10 1464
RB Rio Banano - Quiteria AB93-69-11 1465
RB Rio Banano - Quiteria AB93-69-12 1466
RB Rio Banano - Quiteria AB93-69-13 1467
(continued)
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FM Descriptive field label
RB Rio Banano - Quiteria
RB Rio Banano - Quiteria
RB Rio Banano - Quiteria
RB Rio Banano - Quiteria
RB Rio Banano - Quiteria
QC CTA Fence
QC CTA Fence
QC CTA Fence
QC CTA Fence
QC CTA Fence
QC CTA Fence
QC CTA Fence
QC CTA Fence
QC CTA Fence
QC CTA Fence
QC CTA Fence
QC CTA Fence
QC CTA Fence
QC CTA Fence
QC CTA Fence
M Lomas del Mar East 93
M Lomas del Mar East 93
M Lomas del Mar East 93
M Lomas del Mar East 93
M Moin Apt Complex
RB Rio Banano-Bomba
RB Rio Banano-Bomba
RB Rio Banano-Bomba
M Santa Rosa Road Donut
QC Basketball Court
QC S. Rosa Road ditch
M Cemetery
M Cemetery
M Cemetery
M Lomas del Mar East 89
M Lomas del Mar East 89
M Cangrejos Creek
M Cangrejos Creek
M Cangrejos Creek
M Cangrejos Creek
M Cangrejos Creek
M Cangrejos Creek
M Cangrejos Creek
Field number PPP number
AB93-69-14 1468
AB93-69-15 1469
AB93-69-16 1470
AB93-69-17 1471
AB93-69-18 1472
AB93-70-01 1392
AB93-70-02 1393
AB93-70-03 1394
AB93-70-04 1395
AB93-70-05 1396
AB93-70-06 1397
AB93-70-07 1398
AB93-70-08 1399
AB93-70-09 1400
AB93-70-10 1401
AB93-70-11 1402
AB93-70-12 1403
AB93-70-13 1404
AB93-70-14 1405
AB93-70-15 1406
AB93-71-02 1480
AB93-71-03 1481
AB93-71-P4 1482
AB93-71-P5 1483
AB93-72-P8 1487
AB93-73-02 1488
AB93-73-03 1489
AB93-73-04 1490
AB95-02-01 2018
AB95-04-01 20 2 0
AB95-06-01 202 2
CJ89-16-01 634
CJ89-16-02 635
CJ89-16-03 636
CJ89-17-01 638
CJ89-17-08 645
CJ89-18-01 647
CJ89-18-02 648
CJ89-18-03 649
CJ89-18-04 650
CJ89-18-05 651
CJ89-18-06 652
CJ89-18-07 653
(continued)
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FM Descriptive field label Field number PPP number
M Cangrejos Creek CJ89-18-08 654
M Cangrejos Creek CJ89-18-09 655
M Cangrejos Creek CJ89-18-10 656
M Cangrejos Creek CJ89-18-11 657
M Cangrejos Creek CJ89-18-12 658
RB Rio Banano - Bomba CJ89-20-01 668
RB Rio Banano - Bomba CJ89-20-05 672
RB Rio Banano - Quiteria CJ89-21-03 681
RB Rio Banano - Bomba, N. bank CJ89-22-05 689
RB Rio Banano - Bomba, N. bank CJ89-22-06 690
RB Rio Banano - Bomba, N. bank CJ89-22-07 691
RB Agua - Rio Banano - n. bank CJ89-25-01 695
RB Agua - Rio Banano - n. bank CJ89-26-02 697
M Los Laurel CJ89-35-01 710
M Truck Term CJ89-36-02 712
M Lomas del Mar East 92 CJ92-06-12 953
M Lomas del Mar East 92 CJ92-06-13 954
M Lomas del Mar East 92 CJ92-06-14 955
M Lomas del Mar East 92 CJ92-06-18 959
M Lomas del Mar East 92 CJ92-06-19 960
M Loma del Mar - SW CJ95-46-01 2033
M Mollusk Heaven - revisited CJ95-48-01 2036
QC Q. Choco Road - W fork CJ95-53-01 2053
M Lomas del Mar West CJ95-54-01 2039
M Lomas del Mar West CJ95-54-02 2040
M Lomas del Mar West CJ95-54-03 2041
M Lomas del Mar West CJ95-54-04 2042
M Lomas del Mar West CJ95-54-05 2043
M Lomas del Mar West CJ95-54-06 2044
M Lomas del Mar West CJ95-54-07 2045
M Lomas del Mar West CJ95-54-08 2046
QC Q. Choco-CTA (Rt 32) CJ95-56-02 2058
RB Rio Banano-Bomba DP95-01-10 2066
RB Rio Banano: River, Bomba DP95-02-01 2096
RB Rio Banano: River, Bomba DP95-02-02 2097
RB Rio Banano: River, Bomba DP95-02-03 2098
RB Rio Banano: River, Bomba DP95-02-04 2099
RB Rio Banano: River, Bomba DP95-02-05 2 1 0 0
RB Rio Banano: River, Bomba DP95-02-06 2 101
RB Rio Banano: River, Bomba DP95-02-07 2 1 0 2
RB Rio Banano: River, Bomba DP95-02-08 2103
RB Rio Banano: River, Bomba DP95-02-09 2104
RB Rio Banano: River, Bomba DP95-02-10 2105
(continued)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
FM Descriptive field label Field number PPP number
RB Rio Banano: River, Bomba DP95-02-11 2106
RB Rio Banano: River, Bomba DP95-02-12 2107
RB Rio Banano: River, Bomba DP95-02-13 2108
RB Rio Banano: River, Bomba DP95-02-14 2109
M Lomas del Mar DP95-04-01 2031
RB Rio Banano - River, Middle DP95-07-01 2128
RB Rio Banano - River, Middle DP95-07-02 2129
RB Rio Banano - River, Middle DP95-07-03 2130
RB Rio Banano - River, Middle DP95-07-04 2131
RB Rio Banano - River, Middle DP95-07-05 2132
RB Rio Banano - River, Middle DP95-07-06 2133
M Lost Watch DP96-01-01 2685
M Lost Watch DP96-01-02 2679
M Septic Tank DP96-02-01 2687
M Cemetery DP96-03-01 2688
M Sea Terrace DP96-07-01 2697
QC H&H Transport DP96-09-01 2680
M Route 32 Guard Hut Lot DP96-10-01 2700
QC Stylophora Hill DP96-12-01 2707
QC Quebrada Chocolate - Route 32 DP96-13-03 2681
QC Quebrada Chocolate - Route 32 DP96-13-04 2682
QC Quebrada Chocolate - Route 32 DP96-13-05 2710
QC Quebrada Chocolate - Route 32 DP96-13-06 2711
RB Rio Banano - Lime Grove DP96-15-01 2713
RB Rio Banano - Lime Grove DP96-15-02 2714
RB Rio Banano - Lime Grove DP96-15-03 2683
RB Rio Banano - Lime Grove DP96-15-04 2684
QC Manacina Meadow DP96-17-01 2716
QC Moin Port Road Gully DP96-18-01 2718
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A p p e n d ix  A.2.a Alphabetic list o f taxa by genus. Genus that the original species was
described under is indicated.
Actinocythereis gomillionensis (Howe and Ellis 1935), as Cythereis exanthemata
Ambocythere exilis Bold 1966
Ambocythere sp. B
Argilloecia barrigonensis Bold 1966
Argilloecia sp. C
Argilloecia spp.
Aurila macropunctata (Bold 1946), as Brachycythere trigonalis (Jones 1856) var.
macropunctata 
Aurila sp. C 
Aurila spp. 
bairdiids
Basslerites minutus Bold 1953 
Basslerites cf. B. cuspidatus Bold 1966
Bradleya aff. B. acceptabilis Lubimova and Sanchez-Arango 1974 
buntonids
Bythoceratina monoceros Bold 1988 
Bythocythere sp. A 
Bythocythere sp. B 
Callistocythere sp. ?
Caribbella puseyi Teeter 1975
Cativella navis Coryell and Fields 1937
Cativella pulleyi Teeter 1975
Caudites angidata Puri 1960
Caudites cf. C. howei Puri 1960
Caudites cf. C. medialis Coryell and Fields 1937
Caudites nipeensis Bold 1946
Caudites rectangularis (Brady 1869), as Cythere
Caudites aff. C. rectangularis (Brady 1869), as Cythere
Caudites sp. B
Caudites sp. D
Caudites sp. F
Caudites sp. I
Caudites sp. L
Caudites spp.
Coquimba Jissispinata (Benson and Coleman 1963), as Puriana
Costa stokesae Bold 1967
Costa variabilicostata recticostata Bold 1970
cyprids
Cyprideis sp. ?
Cytherella spp.
Cytherelloidea spp.
(continued)
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Cytheropteron dominicanum Bold 1988 
Cytheropteron wardensis Puri 1954 
Cytheropteron sp. B 
Cytheropteron sp. C 
Cytheropteron sp. E 
Cytheropteron sp. F 
Cytheropteron sp. G 
Cytheropteron spp.
Cythentra swaini Bold 1963 
Cytherura spp.
Echinocythereis madremastrae Bold 1988 
Eucytherura ex gr. E. complexa (Brady 1867), as Cythere 
Eucytherura sp. 1 Fithian 1980 
Eucytherura spp.
Gangamocytherideal plicata Bold 
Gangamocytheridea sp. B 
Heinia spp.
Hemicytherura bradyi (Puri 1960), as Kangarina 
Hemicytherura sp. B
Hermanites homibrooki (Puri 1960), as Bradleya 
Hulingsina aff. H. tuberculata Puri 1958 
Hulingsina sp. A 
Hulingsina sp. C 
Hulingsina spp.
Jonesia sp.
Jugosocythereis pannosa (Brady 1869), as Cythere 
Kangarina depressa Bold 1968 
Kangarina quellita Coryell and Fields 1937 
Kangarina sp. B 
Kangarina spp.
Krithe sp. A 
Krithe sp. B
Loxoconcha wilberti Puri 1954 
Loxoconcha sp. A 
Loxoconcha spp.
Loxocorniculum dorsotuberculatum (Brady 1866), as Normania 
Loxocorniculum fischeri (Brady 1869), as Cythere 
Loxocorniculum oculocrista (Teeter 1975) 
macrocyprids
Megacythere johnsoni (Mincher 1941)
Microcythere sp.
Munseyella bermudezi Bold 1966
(continued)
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myodocopids
Neocaudites scottae Teeter 1975 
Neocaudites sp. C 
Neocaudites sp. D 
Neocaudites sp. E
Occultocythereis angusta Bold 1963 
Orionina boldi Cronin and Schmidt 1981 
Orionina vaughani (Ulrich and Bassler 1904), as Cythere 
Orionina spp.
Palaciosa sp. ?
Palmoconcha spp. 
paracyprids
Paracytheridea calcitrapa Bold 1988 
Paracytheridea edwardsi Teeter 1975 
Paracytheridea tschoppi Bold 1946 
Paracytheridea spp.
Paradoxostoma sp. A 
Paradoxostoma sp. B 
Paradoxostoma spp.
Parakrithe alta Bold 1988 
Parakrithella sp.
Pellucistoma howei Coryell and Fields 1937 
Pellucistoma spp.
Perissocytheridea aff. P. rugata Swain 1955
Perissocytheridea subrugosa (Brady 1870), as Cythere
Perissocytheridea sp. D
Phlyctocythere spp.
polycopids
pontocyprids
propontocyprids
Protocytheretta sp.
Pseudoceratina droogeri Bold 1965 
Pseudocythere aff. P. caudata Sars 1865 
Pseudosammocythere spp.
Pterygocythereis aff. P. inexpectata (Blake 1929), as Cythereis 
Pumilocytheridea sandbergi Bold 1963 
Puriana aff. P. carolinensis Hazel 1983
Puriana gatunensis (Coryell and Fields 1937), as Cythereis rugipunctata
Puriana aff. P. matthewsi Teeter 1975
P. minuta Bold 1963
Puriana aff. P. minuta Bold 1963
Puriana sp. D
(continued)
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Puriana sp. H 
Puriana sp. K 
Puriana spp.
Quadracythere howei (Puri 1953), as Hemicythere 
Quadracythere producta (Brady 1868), as Cythere 
Radimella confragosa (Edwards 1944), as Hemicythere 
Radimella ovata Bold 1988 
Radimella aff. R. ovata Bold 1988 
Radimella wantlandi (Teeter 1975), as Aurila 
Radimella sp. A 
Radimella spp.
Reussicythere reussi (Brady 1869), as Cythere 
Semicytherura spp.
Touroconcha lapidiscola (Hartmann 1959), as Loxoconcha
Triangulocypris laeva (Puri 1960), as Bythocypris
Unknown sp. A
Unknown sp. B
Unknown sp. C
Unknown sp. D
Unknown sp. E
Unknown sp. G
Unknown sp. H
Unknown sp. I
Unknown sp. J
Unknown sp. K
Unknown sp. L
Unknown sp. M
Unknown sp. N
Uroleberis spp.
Xestoleberis sp. A 
Xestoleberis spp.
Xiphichilus sp.
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A p p e n d ix  A .2 .b  Classification of ostracode species identified in this study.
Phylum Crustacea 
Class Ostracoda Latreille, 1806 
Order MYODOCOPIDA Sars, 1866
myodocopids
Suborder MYODOCOPINA Sars, 1866 
Suborder HALOCYPRIFORMES Skogsberg, 1920 
Suborder C l a d o c o p i n a  Sars, 1866
polycopids
Order P o d o c o p i d a  Muller, 1894 
Suborder PLATYCOPINA Muller, 1894 
Superfamily C y t h e r e l l a c e a  Sars, 1866
Family Cytherellidae Sars, 1866
Subfamily C y t h e r e l l i d a e  Sars, 1866 
Genus Cytherella Jones, 1850 
Cytherella spp.
Genus Cytherelloidea Alexander, 1929 
Cytherelloidea spp.
Suborder PODOCOPINA Sars, 1888 
Superfamily B a i r d i a c e a  Sars, 1888
Family Bairdiidae Sars, 1888
bairdiids 
Subfamily B a i r d i i n a e  Sars, 1888
Genus Paranesidea Maddocks, 1969 
Subfamily B a i r d o p p i l a t i n a e  Kristan-Tollmann, 1969
Genus Bairdoppilata Coryell, Sample and Jennings, 1935 
Subfamily B y t h o c y p r i d i n a e  Maddocks, 1969 
Genus Triangulocypris Teeter, 1975
Triangulocypris laeva (Puri 1960), as Bythocypris 
Genus Jonesia Brady, 1866 
Jonesia sp.
Subfamily TRiEBELrNiNAE Kollmann, 1963 
triebelinids
Superfamily CYPRIDACEA Baird, 1845
Family Macrocyprididae Muller, 1912
Subfamily M a c r o c y p r i d i n a e  Muller, 1912 
Macrocyprids
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Family Cyprididae Baird, 1845
Subfamily C y p r i d i n a e  Baird, 1845 
cyprids
Family Candonidae Kaufmann, 1900
Subfamily P a r a c y p r i d i n a e  Sars, 1923 
paracyprids
Family Pontocyprididae Muller, 1894
Subfamily P o n to c y p r id in a e  MQller, 1894 
Genus Argilloecia Sars, 1865
Argilloecia barrigonensis Bold 1966 
Argilloecia sp. C 
Argilloecia spp.
Genus Pontocypria Muller, 1894 
Genus Pontocypris Sars, 1865 
pontocyprids 
Genus Propontocypris Sylvester-Bradley, 1947 
propontocyprids
Superfamily CYTHERACEA Baird, 1850
Family B y t h o c y t h e r i d a e  Sars, 1866
Subfamily B y t h o c y t h e r i n a e  Sars, 1866
Genus Bythoceratina Homibrook, 1952
Bythoceratina monoceros Bold 1988 
Genus Bythocythere Sars, 1865 
Bythocythere sp. A 
Bythocythere sp. B 
Genus Pseudoceratitta Bold, 1965
Pseudoceratina droogeri Bold 1965 
Genus Pseudocythere Sars, 1866
Pseudocythere aff. P. caudata Sars 1865
Family C y t h e r id e id a e  Sars, 1925
Subfamily C y t h e r i d e i n a e  Sars, 1925 
Genus Cyprideis Jones, 1857 
Cyprideis ? sp.
Family C y t h e r i d a e  Baird, 1850
Subfamily C y th e ro m o rp h in a e  Mandelstam, 1960 
Genus Heinia Bold, 1985 
Heinia spp.
Subfamily P e r i s s o c y t h e r i d e i n a e  Bold, 1963
Genus Perissocytheridea Stephenson, 1938
(= Sarsocythere Tressler and Smith, 1948) 
Perissocytheridea aff. P. rugata Swain 1955 
Perissocytheridea subrugosa (Brady 1870), as Cythere
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Perissocytheridea sp. D 
Genus Pumilocytheridea Bold, 1963
Pumilocytheridea sandbergi Bold 1963
Family C y t h e r o m a t id a e  Elofson, 1939
Subfamily C y t h e r o m a t i n a e  Elofson, 1939 
Tribe C y t h e r o m a t i n i  Elofson, 1939 
Genus Megacythere Puri, 1960
Megacythere johnsoni (Mincher 1941)
Genus Pellucistoma Coryell and Fields, 1937
Pellucistoma howei Coryell and Fields 1937 
Pellucistoma spp.
Family C y t h e r u r id a e  Muller, 1894 
Subfamily C y th e r u r tn a e  Muller, 1894 
Genus Cytherura Sars, 1866
Cytherura swaini Bold 1963 
Cytherura spp.
Genus Eucytherura Muller, 1894
Eucytherura ex gr. E. complexa (Brady 1867), 
as Cythere 
Eucytherura sp. 1 Fithian 1980 
Eucytherura spp.
Genus Hemicytherura Elofson, 1941
Hemicytherura bradyi (Puri 1960), as Kangarina 
Hemicytherura sp. B 
Genus Kangarina Coryell and Fields, 1937 
Kangarina depressa Bold 1968 
Kangarina quellita Coryell and Fields 1937 
Kangarina sp. B 
Kangarina spp.
Genus Semicytherura Wagner, 1957 
Semicytherura spp.
Subfamily C y th e r o p te r in a e  Hanai, 1957 
Genus Cytheropteron Sars, 1865
Cytheropteron dominicanum Bold 1988 
Cytheropteron wardensis Puri 1954 
Cytheropteron sp. B 
Cytheropteron sp. C 
Cytheropteron sp. E 
Cytheropteron sp. F 
Cytheropteron sp. G 
Cytheropteron spp.
Family E u c y t h e r id a e  Puri, 1954
Subfamily P e c t o c y t h e r i n a e  Hanai, 1957 
Genus Munseyella Bold, 1957
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Munseyella bermudezi Bold 1966
Family K r i t h id a e  Mandelstam, 1958
Genus Krithe Brady, Crosskey and Robertson, 1874 
Krithe sp. A 
Krithe sp. B 
Genus Parakrithe Bold, 1958
Parakrithe alta Bold 1988 
Genus Parakrithella Hanai, 1959 
Parakrithella sp.
Genus Pseudopsammocythere Carbonnel, 1966 
Pseudopsammocythere spp.
Family L e p t o c y t h e r i d a e  Hanai, 1957 
Genus Callistocythere Ruggieri, 1953 
Callistocythere sp. ?
Family L o x o c o n c h id a e  Sars, 1925
Genus Loxoconcha Sars, 1866
Loxoconcha wilberti Puri 1954 
Loxoconcha sp. A 
Loxoconcha spp.
Genus Loxocorniculum Benson and Coleman, 1963
Loxocorniculum dorsotuberculatum (Brady 1866), 
as Normania 
Loxocorniculum fischeri (Brady 1869), as Cythere 
Loxocorniculum oculocrista (Teeter 1975)
Genus Palmoconcha Swain and Gilby, 1974 
Palmoconcha spp.
Genus Touroconcha Ishizaki and Gunther, 1976
Touroconcha lapidiscola (Hartmann 1959), as Loxoconcha 
Genus Phlyctocythere Keij, 1957 
Phlyctocythere spp.
Family N e o c y t h e r i d e i d a e  Puri, 1957
Genus Hulingsina Puri, 1958
Hulingsina aff. H. tuberculata Puri 1958 
Hulingsina sp. A 
Hulingsina sp. C 
Hulingsina spp.
F a m ily  P a r a c y t h e r i d e i d a e  P u ri, 1957 
Genus Paracytheridea Muller, 1894
Paracytheridea calcitrapa Bold 1988 
Paracytheridea edwardsi Teeter 1975 
Paracytheridea tschoppi Bold 1946 
Paracytheridea spp.
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Family P a r a d o x o s t o m a t id a e  Brady and Norman, 1889
Subfamily P a r a d o x o s t o m a t i n a e  Brady and Norman, 1889 
Genus Paradoxostoma Fischer, 1855 or Sars, 1866 
Paradoxostoma sp. A 
Paradoxostoma sp. B 
Paradoxostoma spp.
Genus Xiphichilus Sars, 1866 
Xiphichilus sp.
Subfamily M i c r o c y t h e r i n a e  Klie, 1938 
Genus Microcythere Muller, 1894 
Microcythere sp.
Genus Gangamocytheridea Bold, 1963
Gangamocytheridea? plicata Bold 
Gangamocytheridea sp. B
Family T r a c h y le b e r id id a e  Sylvester-Bradley, 1948
Subfamily B u n to n iin a e  Apostolescu, 1961 
Tribe B u n to n iin i Apostolescu, 1961
Genus Buntonia Howe and Chambers, 1935 
buntonids 
Tribe B a s s le r i t in i  Puri, 1974
Genus Basslerites Coryell and Fields, 1937 
Basslerites minutus Bold 1953 
Basslerites cf. B. cuspidatus Bold 1966
Subfamily C y th e r e t t i n a e  Triebel, 1952 
Genus Protocytheretta Puri, 1958 
Protocytheretta sp.
Subfamily E c h i n o c y t h e r e i d i n a e  Hazel, 1967 
Tribe E c h i n o c y t h e r e i d i n i  Hazel, 1967 
Genus Echinocythereis Puri, 1953
Echinocythereis madremastrae Bold 1988
Subfamily H e m ic y th e r in a e  Puri, 1953 
Tribe A u rilin i Puri, 1974
Genus Aurila Pokomy, 1955
Aurila macropunctata (Bold 1946), as Brachycythere 
trigonalis (Jones 1856) var. macropunctata 
Aurila sp. C 
Aurila spp.
Genus Radimella Pokomy, 1969
Radimella confragosa (Edwards 1944), as Hemicythere 
Radimella ovata Bold 1988 
Radimella aff. R. ovata Bold 1988 
Radimella wantlandi (Teeter 1975), as Aurila 
Radimella sp. A
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Radimella spp.
Tribe B r a d l e y i n i  Benson, 1972 
Genus Bradleya Homibrook, 1952
Bradleya aff. B. acceptabilis Lubimova &
Sanchez-Arango 1974 
Tribe C O Q U i M B r N i  Ohmert, 1968 
Genus Coquimba Ohmert, 1968
Coquimba fissispinata (Benson and Coleman 1963), 
as Puriana 
Tribe O r i o n i n i n i  Puri, 1974
Genus Caudites Coryell and Fields, 1937 
Caudites angulata Puri 1960 
Caudites cf. C. howei Puri 1960 
Caudites cf. C. medialis Coryell and Fields 1937 
Caudites nipeensis Bold 1946 
Caudites rectangidaris (Brady 1869), as Cythere 
Caudites aff. C. rectangularis (Brady 1869), as Cythere 
Caudites sp. B 
Caudites sp. D 
Caudites sp. F 
Caudites sp. I 
Caudites sp. L 
Caudites spp.
Genus Orionina Puri, 1954
Orionina boldi Cronin and Schmidt 1981 
Orionina vaughani (Ulrich and Bassler 1904), 
as Cythere 
Orionina spp.
Genus Palaciosa Hartmann, 1959 
Palaciosa ? sp.
Tribe T h a e r o c y t h e r i n i  Hazel, 1967 
Genus Hermanites Puri, 1955
Hermanites homibrooki (Puri 1960), as Bradleya 
Genus Jugosocythereis Puri, 1957
Jugosocythereis pannosa (Brady 1869), as Cythere 
Genus Puriana Coryell and Fields, 1953
Puriana aff. P. carolinensis Hazel 1983 
Puriana gatunensis (Coryell and Fields 1937), 
as Cythereis rugipunctata 
Puriana aff. P. matthewsi Teeter 1975 
Puriana minuta Bold 1963 
Puriana aff. P. minuta Bold 1963 
Puriana sp. D 
Puriana sp. H
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Puriana sp. K 
Puriana spp.
Genus Quadracythere Homibrook, 1952
Quadracythere howei (Puri 1953), as Hemicythere 
Quadracythere producta (Brady 1868), as Cythere 
Subfamily P h a c o r h a b d o t i n a e  Griindel, 1969 
Tribe P h a c o r h a b d o t i n i  Griindel, 1969 
Genus Ambocythere Bold, 1958
Ambocythere exilis Bold 1966 
Ambocythere sp. B 
Subfamily T r a c h y l e b e r i d i n a e  Sylvester-Bradley, 1948 
Tribe T r a c h y l e b e r i d i d i n i  Sylvester-Bradley, 1948 
Genus Actinocythereis Puri, 1953
Actinocythereis gomillionensis (Howe and Ellis 1935), 
as Cythereis exanthemata 
Genus Cativella Coryell and Fields, 1937
Cativella navis Coryell and Fields 1937 
Cativella pulleyi Teeter 1975 
Genus Costa Neviani, 1928
Costa stokesae Bold 1967 
Costa variabilicostata recticostata Bold 1970 
Genus Neocaudites Puri, 1960 or 1954?? Problems with date 
Neocaudites scottae Teeter 1975 
Neocaudites sp. C 
Neocaudites sp. D 
Neocaudites sp. E 
Genus Occultocythereis Howe, 1951
Occultocythereis angusta Bold 1963 
Genus Reussicythere Bold, 1966
Reussicythere reussi (Brady 1869), as Cythere 
T r i b e  P t e r y g o c y t h e r e i d i n i  Puri, 1957 
Genus Pterygocythereis Blake, 1933
Pterygocythereis aff. P. inexpectata (Blake 1929), 
as Cythereis 
Subfamily I n c e r t a e  S e d i s
Caribbella puseyi Teeter 1975
F a m ily  X e sto leber to id a e  S a rs , 1928
Genus Uroleberis Triebel, 1958 
Uroleberis spp.
Genus Xestoleberis Sars, 1865 
Xestoleberis sp. A 
Xestoleberis spp.
F a m ily  In c e r t a e  S e d is
Unknown ostracode species A - N
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lp.» num ber or specim ens 52 215 8 51 24 7 102 560 145 374 655 516
1 Aamocythereis gonallionensis (Howe and Ellis 1935) 3.3 0 0 0 0 0 0 0 0 0 0 3.9
2 Ambocydere esslis Bold 1966 0 03 0 0 0 0 0 0 0 0 0 0
3 Ambocyikere sp. B 0 0 0 0 0 0 0 0 0 0 0 0
4 Argilloeda barrigonensts Bold 1966 0 1.9 0 0 0 0 0 0 0 0 0 0
5 ArgBUxda sp. C 0 0 0 0 0 0 0 0 0 0 0 0
6 ArgiBoeda spp. 0 13 25 0 0 0 0 0 0 0 0 0
7 Anrila macropunaaia (Bold 1946) 0 0 0 0 0 0 0 0 0 0 0 0
8 Aitrilasp. C 0 0 0 0 0 0 0 0 0 0 0 0
9 Anrila spp. 3.3 0 0 0 0 0 0 0 0 0 0 0
10 baodiid* 0 20 25 0 25 14 43 22 12 03 03 0.4
U Bosslailes ttdnutus Bold 1953 0 0 0 0 83 0 0 0 0 0 0 33
12 Basstenles cf. B. cuspidatus Bold 1966 0 0 0 0 0 0 0 0 0 0 03 0
13 Bradleya off. B. accsptabilis Lubimova and Sanchez Arango 1974 0 1.9 0 0 0 0 0 0 0 0 0 0
14 Smfrwirk 0 0 0 0 0 0 0 0 0 0 0 0
15 Bytkoceratma monoceros Bold 1988 0 03 0 0 0 0 0 0 0 0 0 0
16 Bytkocytkeresp.A 0 0 0 0 0 0 0 0 0 0 0 0
17 Bytkocytkere sp. B 0 0 0 0 0 0 0 0 0 0 0 0
18 Callistocytkere sp. 7 0 0 0 0 0 0 0 0 0 0 0 0
19 Caribbdla pussyi Teeter 1975 0 0 0 0 0 0 0 0 0 0 0 0
21 Caxivella navis Coryell and Fields 1937 0 0 0 0 0 0 0 0 0 0 0 3.1
20 CattvtUa pulleyi Teeter 1975 0 03 0 0 0 0 0 0 0 0 0 9.7
32 Canddes angulata Puri I960 0 0 0 0 0 0 0 0 0 0 0 0
23 Candles cf. C. howes Puri I960 0 0 0 0 0 0 0 0 0 0 0 0
24 C/mrHi** c f C medialii Coryell and Fields 1937 0 0 0 3.9 0 0 0 0 0 0 0 0
22 Cauititrt nipeensis Bold 1946 7.7 1.4 0 3.9 0 0 2 2.1 0 0 18 0
25 Candles rectangularis (Brady 1869) 0 0 0 3.9 0 0 0 0 0 0 0 0
26 Candies aff. C. rectangularis (Brady 1869) 0 0 0 0 0 0 0 03 0 03 0 03
27 Catuktessp. B 0 0 0 0 0 0 0 0.2 0 0 0.9 03
28 Caudles sp. D 0 0 0 0 0 0 0 0 0 0 0 0
29 Caudles sp. F 0 0 c 0 0 0 0 0 0 0 0 0
30 Caudles sp. 1 0 0 0 0 0 0 0 0 0 0 0 0
31 Cauditet tp. L 0 0 0 0 0 0 0 Q 0 0 0 0
33 Cauditesspp. 0 0 0 0 0 0 0 0 0 0 0 0
34 Coqudnba fissispinata (Benton and Coleman 1963) 1.9 0 0 0 0 0 t 0 0 0 0 0
36 Costa stokesae Bold 1967 0 0 0 0 0 0 0 0 0 0 0 0
35 Cnnn m m M huM M  rrrdenstean Bold 1970 0 0 0 0 0 0 0 0 0 0 0 0
37 cyjrid* 0 0 0 0 0 0 0 0 0 0 0 0
38 Cyprideis sp. 7 0 0 0 0 0 0 0 0 0 0 0 0
39 Cytkertilaspp. 0 0 0 0 17 0 0 0 0 0 0 1.7
40 CythereUoideaspp. 33 0 0 5.9 83 29 4.9 0 1.4 03 03 0
41 Cytkeropteran domsnicannm Bold 1988 0 03 0 0 0 0 6.9 03 0 0 0 13
42 Cytkeropteron wardensis Pun 1954 0 03 0 0 0 0 0 0.4 0 0 0 0
43 Cytkeropteran tp. B 0 0 0 0 0 0 0 0 0 0 0 0
44 Cytkeropteron sp. C 0 1.9 0 0 0 0 0 03 0 0 0 0
45 Cytkeropteran sp. E 0 1.4 0 0 0 0 0 0 0 0 0 0
46 Cytkeropteron tp. F 0 0 0 0 0 0 0 0 0 0 0 0
47 Cytkeropteron sp. G 0 0 0 0 0 0 0 03 0 0 0 0
48 Cytkeropteron spp. 0 0 0 0 0 0 0 0 0 0 0 0
49 Cytkerura rwassu Bold 1963 0 0 0 0 0 0 0 0 0 0 0 0
50 Cytkeruraspp. 0 0 0 3.9 0 0 2.9 03 0.7 43 0 13
51 Eddnocytkereis madrentasme Bold 1988 0 0 0 0 0 0 0 0 0 0 0 0
52 Eucytkeruraagr. E  complexa (Brady 1867) 0 0 0 0 0 0 0 0 0 0 0 0
(continued)
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S3 Eucytherurasp. 1 Fithian 1980 0 0 0 0 0 0 0 0 0 0 0 0
54 Eueytherura spp. 0 0 0 0 0 0 0 0 0 0 0 0
55 Gangamsscythendeal pliettta Bold 1908 0 20 0 0 0 0 1 0.2 0 0 4 0
56 Gangamoeythehsleasp. B 0 0 0 0 0 0 0 0 0 0 0 0
57 Hasaa spp. 0 0 0 0 0 0 0 0 0 0 0 0
58 Hemicytherura brarfyi (Puri 1960) 0 0 0 0 0 0 0 03 0.7 0 0 0
59 Hamsrytherura sp. B 0 0 0 0 0 0 0 0 0.7 0 0 0
60 Hermamtes homibrvold (Puri I960) 0 4*2 0 0 0 0 0 0 0 0 0 0
61 Hulingsinaaff. H. tuberculosa Puri 1958 0 0 0 0 0 0 0 0.2 0 0 0 0
62 Hulingtinasp.A 0 0 0 0 0 0 0 0 0 0.3 0 0
63 Hulingrinarp. C 0 0 0 0 0 0 0 0 0 0 0 0
64 Hulingsina spp. 0 0 0 0 0 0 0 0 0 0 0 0
65 Jorusiasp. 0 0 0 0 0 0 0 0 0 0 0 0
66 Jug osocytheras pamoia (Brady 1869) 0 1.9 0 0 0 14 0 27 11 0 14 0
67 Kstngarina depresta Bold 1968 0 1.4 0 0 0 0 0 1.1 0 0 0 0
68 Kstngarina quellisa Coryell and Fields 1937 0 1.4 0 0 0 0 19 0.9 0 0 0 0
69 Kangarina tp. B 0 0 0 0 0 0 0 13 0 0 0 0
70 Kangarina tpp. 0 0 0 0 0 0 0 0 0 0 0 0
71 Krithetp.A 0 1.9 0 0 0 0 0 0 0 0 0 0
72 Krithesp. B 0 0 0 0 0 0 0 0.5 0 0 0 0
73 Lssxoconcha wdberti Puri 1954 3 3 0 0 0 0 0 0 0 0 0 0 0
74 Lssxoconcha tp. A 0 0 0 0 0 0 0 0 0 0 0 1-2
75 Laxoconeha spp. Q 0 0 0 0 Q 0 0 0 0 0 0
76 Laxocomiculum donotuberadantsn (Brady 1866) 12 0.9 0 0 0 0 0 03 22 03 0 1.7
77 Laxocorrdculumfisduri (Brady 1869) 7.7 1.4 0 12 0 0 0 03 83 0 4.7 02
78 Lsrxocomiculum oailocriaa (Teeter 1975) 0 0 0 20 EJ 0 0 0 0 05 3.4 0
79 racrocyprid* 3.8 6 13 0 0 0 2 0 1.4 0 0 11
80 Uegacythere johntani (Sfinches 1941) 0 0 0 0 0 0 0 0 0 03 03 0
81 Uicrocylheretp. 0 0 0 0 0 0 0 0 0 0 0 0
82 Umueydla bermudai Bold 1966 0 0 0 0 0 0 0 0 0 0 0 0
83 mjrodocopidt 0 0 0 0 0 0 0 0 0 0 0 0
84 NeocausBtet sconae Teeter 1975 0 0 0 0 0 0 0 03 0 0 0 0
85 NeocausBtet sp. C 0 0 0 0 0 0 0 0 0 0 0 0
86 NeocausBtet tp. D 0 0 0 0 0 0 0 0 0 0 0 0
87 NeocausBtet tp. E 0 0 0 0 0 0 0 0 0 0 0 0
88 OeotlUteythereit angutta Bold 1963 0 0.9 0 0 0 0 0 0.4 0 0 0 0
89 Orionina bolsBCrotun and Schmidt 1981 0 0 0 0 0 0 0 0 0 0 0 0
90 Onsnuna vaugham (Ulrich andBssttler 1904) 0 0 0 0 0 0 0 0 0 0 0 0
91 Orionina spp. 9.6 0 0 0 0 0 0 0 0 0 0 0.6
92 Palactotatp. 1 0 0 0 0 0 0 0 0 0 0 0 0
93 Paboocanchaspp. 0 0 0 0 0 0 0 0 0 0 0 0
94 (Hiacyptidi 0 0 0 0 17 0 0 0 0 0 0 0
95 Paracytheristeacaldtnpa Bold 1988 0 18 0 0 0 0 5.9 1.1 43 0 0 0.4
96 Paraeytheridea atwardsi Teeter 1975 0 0 0 3.9 0 0 I 0 0 0 0 0
97 Paracytheridea udusppi Bold 1946 3.8 0 0 3.9 0 0 1 0 0 03 31 0
98 Paraeytheridea spp. 0 0 0 0 0 0 4.9 0 0 0 0 0
99 Parasbaoaoaa tp. A 0 0 0 0 0 0 0 0 0 0 0 0
100 Paradoxottoma tp. B 0 0 0 0 0 0 0 0 0 0 0 0
101 Paradazottoma tpp. 0 0 0 0 0 0 0 0 0 0 0 0
102 Parakriihe alia Bold 1988 0 0 0 0 0 0 0 0 0 0 0 0
103 ParakritheBa sp. 0 0 0 0 0 0 0 0.7 0 0 0 0
104 Pdluatissma howei Coryell and Fiddt 1937 0 0 0 0 0 0 0 0 0 6.1 0 30
105 PeUudstoaaspp. 0 0 0 0 0 0 0 0 0 0 0 0
106 Perittoeytheridea off. P. rugasa Swaat 1955 0 0 0 0 0 0 0 0 0 1J 0 08
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107 Penssocytheridea subrugasa (Brady 1870) 3.8 0 0 0 0 0 0 0 0 0 6 0
108 Perissoeytheridea sp. D 0 0 0 0 0 0 0 0 0 0 0 0
109 Pklyetoeythm spp. 0 0 0 0 0 0 0 0 0 0 0 0
110 potycopid 0 0 0 0 0 0 0 0 0 0 0 0
111 pooocypridi 0 0 0 Q 0 Q 2 0 0 0 0 1.7
112 propaotocypridt 0 3.7 0 14 0 0 2 0 0 0 0 0
113 Pratocythenaasp. 0 0 0 0 0 0 0 0 0 0 0 0
114 Pseadoceratdut droogeri Bold 1965 0 1.9 0 0 0 0 2.9 0 0 0 0 0
115 Pseadocydunaff. P. raudutaSan 1865 0 0 0 0 0 0 0 0 0 0 0 0
116 Psetdosasaseocythere spp. 0 0 0 0 0 0 0 0 0 0 0 16
117 Pterygoeythereis off. P. mespectasa (Blake 1929) 0 0 0 0 0 0 0 0.2 0 0 0 0
118 PamUoeydieridea sandbergi Bold 1963 0 0 0 0 0 0 0 0 0 0 0 0
119 Puriaia aff. P. caroUnensis Hast! 1983 17 0 0 0 0 0 0 0 0 0 0 0
120 Pariasut gasasiensis (Coryell aid Fields 1937) 7.7 0 0 0 0 0 2 0 0 0 0 0.4
121 Pariasus aff. P. manhewsi Terser 1976 0 0 0 0 0 0 0 0 0 5.1 0 J 23
122 Pariasut mssasta Bold 1963 = Puriasus sp. B 0 0 0 0 0 0 0 0 0 0 0 0
123 Punanaaff. P. ndsaaa Bold 1963 0 0 0 0 0 0 0 0 0 0 0 0
124 Pariasus sp.D 0 0 0 0 0 0 0 0 0 0 0 0
125 Pariasus sp.H 0 0 0 0 0 0 0 0 0 0 0 0
126 Pariasus sp.Z 0 0 0 0 0 0 0 0 0 0 0 0
127 Pariasus spp. 0 0 0 0 0 0 0 0 0 0 0 0
128 Quadracythere howes (Pari 1953) 3.8 0 0 0 0 0 0 0 28 0 82 0
129 Quadracythere producsa (Brady 1868) 0 0 0 0 0 0 0 0 0 0 0 0
130 RaddaeUa costfragosa (Edvards 1944) 5.8 13 22 4^2 43 2 24 31 0 3.1 0.4
131 RaddaeUa cnata Bold 1988 0 0 0 0 0 0 0 0 0 0 0 0
132 Raddaella iff. R. ovasa Bold 1988 0 0 0 0 0 0 0 0.7 0 0 0 0
133 Radimella wasulandi (Teeter 1975) 0 0 0 0 0 0 0 0 0 0 0 0
134 RaddaeUasp.A 0 0 0 0 0 0 0 0 0 0 0 0
135 Raddaeila spp. 0 0 0 0 0 0 0 0 0 0 0 0
136 Retssicythert reuses (Brady 1869) 0 0 0 0 0 0 0 0 0 77 0 0
137 Sesaicytherurasp. 0 0 0 0 0 0 0 0 0 0 0 0
138 Tauroeoadus tapuBscola (Hartmasm 1959) 0 0 0 0 0 0 0 0.2 0 0 0 2.1
139 Triastguiocypris laeva (Pari 1960) 0 0 0 0 8 J 0 0 0 0 0 0 7.4
140 Unknown q). A 0 0 0 0 0 0 0 0 0 0 0 0
141 Unknown «pB 0 0 0 0 0 0 0 0 0 0 0 0.6
142 Unknown ip. C 0 0 0 0 0 0 0 0 0 0 0 0
143 Unknown tp. D 0 0 0 0 0 0 0 0 0 0 0 0
144 Unknown qp.E 0 0 0 0 0 0 0 0 0 0 0 0
145 Unknown q>.G 0 0 0 0 0 0 0 0 0 Q 0 0
146 Unknown qp. H 0 0 0 0 0 0 0 0 0 0 0 0
147 Unknown q>. I 0 0 0 0 0 0 0 0 0 0 0 0
148 Unknown tp. J 0 0 0 0 0 0 0 0 0 0 0 0
149 Unknown qj.K 0 0 0 0 0 0 0 0 0 0 0 0
150 Unknown tpi L 0 0 0 0 0 0 0 0 0 0 0 0
151 Unknown qp.M 0 0 0 0 0 0 0 0 0 0 0 0
152 Unknown tp M 0 0 0 0 0 0 0 0 0 0 0 0
153 Urolebens spp. 0 0 0 3.9 0 0 0 0 1 2 0 OJ 0
154 Xestotebera sp. A 0 3.7 0 0 0 0 0 9.3 0 0 0 0
155 Xestoiebens spp. 0 7.4 25 0 42 0 49 46 0 0.8 5.2 68
156 Xiptuddlas sp. 0 0 0 0 0 0 0 0 0 0 0 0
157 Unidentified 0 0 0 0 0 0 49 0 0 u 0 0
tpllt 3M 3M
<ize •pfci ■9*
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6 6 6 6 6 6 6 6 6 6 6 6£5 w 5 cn & v j s *5 G s
tp.9 103 343 65 72 25 275 765 542 508 386 449 2457 384
1 0 0 0 0 0 0 0 0 0 0 12 0.04 0 2
2 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0
4 21 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0.4 0.9 12 1.4 0 0 028 12
S 0 0 0 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0 0 0 0
10 1.9 1.2 4 6 6J? 0 6.5 1.8 0.7 12 11 2 2 326 12
11 0 1.2 0 0 0 0 03 0.4 0 92 12 1.71 6 2
12 0 2.9 0 0 0 0 1.4 0 2 3.9 0 0.7 0.12 0 2
13 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 0 0.04 0
16 0 0 0 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0 0 0.73 0
18 0 0 0 0 0 0 0 0 0 0 0 0 0
19 0 0 0 0 0 0 0 0 0 0 0 0 0
21 0 0 0 0 0 0.4 0.7 12 0 12 0.4 0.98 12
20 0 0 0 0 0 0 02 0 2 0 4 4 0 2 028 2 2
32 0 0 0 0 0 0 0 0 0 0 0 0 0
23 0 0 0 0 0 0.7 0 0 0 0 0 0 0
24 0 2 12 5.6 16 I .l Q 0 0 0 Q 0 27 0
22 0 0.6 0 5.6 0 15 02 0 0.6 0 0 323 0 2
25 0 03 0 1.4 0 0 0 0 0 2 0 0 0.04 0
26 0 OS 13 0 0 0 0 0 0 0 0.4 0.16 0
27 0 0.9 0 0 0 0 0 0 2 0 0 0.4 0 0 2
28 0 0 0 0 0 0 0 0 0 0 0 0 0
29 0 0 4.6 0 0 0 02 0 1.6 02 0 027 1
30 0 0 0 0 0 0 0 0 2 0 0 0 0 0
31 0 0 0 0 4 0.4 02 0 0 0 0 0 0
33 0 0.6 0 0 0 0 0 0 2 0 0 0 0 0
34 0 0.6 0 4 2 0 0.7 0.1 0 0 2 0 0.7 32 0 2
36 0 0 0 0 0 0 0 0 0 2 0 0 2 0 0
35 0 0 0 0 0 0 0 0 0 0 0 0 0
37 0 0 0 0 0 0 0 0 0 0 0 0 0
38 0 0 0 Q 0 0 0 0 0 0 0 0 0
39 1 3.5 0 1.4 0 0.4 32 2 4 2 2 11 62 2 2 9.1
40 0 2.9 13 0 0 l.I at 0 12 0 0 024 0
41 0 0.6 0 0 0 0.4 23 0.4 3 2 0 1.1 6.11 0 2
42 1.9 0 0 0 0 0 0 0 0 0 0 0 0
43 0 0 0 0 0 0 0 0 0 0 0 0 0 2
44 I 03 0 0 0 0 0 0 0 0 0 0 0
45 0 0 0 0 0 0 0 0 0 0 0.7 0 0
46 0 0 0 0 0 0 0 0 0 0 0 0.08 0
47 0 0 0 0 0 0 0 0 0 0 0 0 0
48 0 0 0 0 0 0 0 0 0 0 0 0 0
49 0 0 0 0 0 0 0.7 0 0 0 0 0 0 2
50 I 33 0 0 0 13 4 6 4 6 1.4 22 47 9 2 21
51 0 0 0 0 0 0 0 0 0 0 0 0 0
52 0 0 0 0 0 0 0 0 0 0 2 0 0.08 0
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349 398 520 137 1284 126 324 156 272 313 175 397 133 892
0 2 8 1 0 127 0 0 0 0 0 0 3 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 2 0 0 2 0.7 0 0 0 0 0.4 1 2 3 0 2 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 6 3 2 I 0 023 0 0 0 2 0.4 0 2 0 1.8 3 0
4 10 5 2 7 2 9.66 8.7 15 7.1 5.9 4 5 6.9 4 5 15 0
5.7 0 2 1 0 0.93 3 2 0.9 4 2 3.7 2 6 3.4 12 62 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 02 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 2 0 0 2 0 023 0 0 0 0 0 0 0 2 12 0
0 12 11 0 129 0 0 12 0.4 0 6 1.7 2 12 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
3.7 0 0 2 0 0 23 0 0.9 0 0 0 0 0 0 7 2
0 0 0 0 0 0 0 0 0 0 2 0 0 0 0
02 02 0 2 12 0 0 0 2 0 0.7 1 1.7 0 2 12 0
0 02 0.4 0 0.16 0 0 0 0 0 0 0 12 0 3
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.9 1 0 0 0.16 0 0 0 0 0 0 0 32 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 2 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 16 15 5.1 245 22 10 82 5 2 2 2 1.7 15 92 0
0 2 0 0.4 0 021 0 0 0 0 0 0 0 0 0 2
4 9 02 02 0 0 1.6 0 2 0 0 0 2 0 2 12 0 0
0 0 0 2 0 0.16 0 0 0 0 0 0 0 0 0
0 0 0.4 0 0.08 0 0 0.6 0.7 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 02 0 0.08 0 0 0 0 0 0 0 2 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 Q
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.9 0 0 0 0 0 0 0 0 0 2 0 0 0 0
2 9 1 0 2 0.7 029 0 0 2 12 0.4 2 2 22 12 02 0
0 0 0 0 0.08 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0
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— k3 CJ K a t 00 n5 CJ K 0 Ck 0 55 o ro CJ 0 0 a>
53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
55 I 0 3.1 0 0 0.7 0.1 02 0.4 0 0 053 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
56 0 0 0 0 0 0 0 0 0 0 0 0.16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
57 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 05 0
58 0 0 0 0 0 0 03 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 5 0 0 0 5 0 0
59 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.4 0 0 0 0
61 0 0 0 0 0 0 0 0 0 03 2.4 1.18 0 5 15 25 0 .8 03 0 0.08 0 05 0 0 0 5 0 15 15
62 0 3.8 0 0 0 0 4 3 0 6 4.9 13 0 .2 0 5 0 0 0.9 0 5 0 5 2.9 0 0 0 0 t .I 15 1.1 0 0
63 0 0 0 0 0 0 0 0 0 0 0 0.16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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46 0 0 0 0 OJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
47 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
48 0 0 0 0 0 0 0 1.1 0 0 0- 0 0 0 0 0 0 0 0 0 0 0 0.6 0 0
49 0 0 0 0 0 0 0.43 0 0 0 0.08 0 0 0 0 0 0 0 0 I J 0 0.4 0 0 0
50 5 0 0 13 13 2.6 1.49 0 3.4 19 1.83 1 9 1.9 0 0 OJ 0 0 0 I J OJ 1.7 0.9 0 10
51 OJ 0 0 0 0 0 0 0 0 0 0 OS 0 0 0 0 0 0 0 0 0 0 0 0 0
32 OJ 0 0 0 0 0 0.05 0 0 OJ a  15 0 0 OJ 0 0 0 0 0 0 OJ 0.4 0 0 0
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53 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 OJ 0 0
54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
55 0 0 0 0 0 0 0 0 0 0 0.15 0 0.19 0 0 0 OA 0 0 0 0 0 0 0 0
56 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
57 OJ 0 0 0 0 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
58 0 0 0 0 0.7 0 0 0 0 0 0 0 0J 1 0 0 OJ 0 0 0 0 0 OJ 0 0 0
59 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
60 0 0 0 0 0 0 0 0 0 OJ 0.15 OJ 0J 1 0 0 0 0 0 0 0 0 0 0 OJ 0
61 0.9 0 0 0 1.4 OJ 0.4 0 0 1 0 OJ 0 0 0 0 0 0 0 0 0 OJ 0 0 0
62 0 0 0 8.7 0 0 0 0 0 0 3J 5 OJ 0 0 0 0 0 0 0 0 0 0 0 0 0
63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
64 0 0 0 0 0 0 0 0 0 0 0 0 0 OJ 0 0 0 0 0 0 0.7 0 OJ 0 0
65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
66 OJ 0 0 0 0 0 0.05 0 0 0 0 OJ 3.68 2J 36 0 0 0 0 0 0 06 0 10 0
67 0 0 0 0 0 0 0.25 0 0 0 0 0 0.06 0 0 OJ 0 0 0 0 0 0 OJ 0 0
68 2.7 0 0 0 OJ 0 069 0.4 3.4 2.4 0.99 I J 0J 7 0 0 3.4 1.9 0 23 0 0 0 1.4 0 0
69 0 0 0 0 0.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
70 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0 0 0 OJ 0 0 0 OJ 0 OJ 0 0
71 0 0 0 0 0 0 0 16 0 22 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
72 0 0 0 0 0 0 0 7J 0 5J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
73 0 0 0 2 J 14 36 8.73 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
74 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OJ 0 0 0 0 0 0 0 0 0
75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
76 0 0 0 0 6 J 42 0.99 OJ 0 2.4 12.1 3.1 9J 7 0 0 0 8 29 0 4J 47 3J 5.4 0 06
77 OJ 0 0 22 4J OJ 0J 9 0.4 0 0 1J 7 3J 5.71 12 12 8.1 16 16 0 1 s 4.7 0 0.6 4.6 2 J
78 0 0 0 0 0 OJ 0 0 0 1 1.75 1 0.44 13 29 19 14 3.7 0 0 0 0 0 6.7 06
79 4.7 0 0 0 0 0 0 0 0 0 0.99 5.7 0.44 0 0 0 0.9 0 23 0 OJ 0 0 6 2-1 OJ
80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.6 0 0 0 0 3.1
81 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I J 0 0 0 0 0
82 4.7 0 0 0 0 0 0 13 6.9 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
83 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
84 0.9 0 0 0 0 0 0 0 0 0 0.08 0 0 0 0 0 0 0 0 0 0 0.4 0 0 0
85 0 0 0 0 0.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
86 0 0 0 0 0 0 0 0 0 0 OJB 12 0 0 0 0 0 0 0 0 0 0 0 0 OJ
87 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
88 0.9 0 0 0 OJ 0 0 0 0 0 OJ OJ 0 OJ 0 0 0.4 0 0 0 0 OJ OJ 0 0
89 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
91 4J 0 0 0 1 0 0.05 0 0 OJ 113 5J 165 0 7.1 I J OJ 0 0 1.9 0 0 0 16 0
92 OJ 0 0 0 0 0 0 0 0 OJ 0 1 0 0 0 OJ 0 0 0 06 0 0 0 0 0
93 0 0 0 0 0 0 0J 5 0 0 1 1.45 OJ 0 0 0 0 0 0 0 0 0 0 0 0 0
94 0 0 0 0 0 0 0 0 0 0 0.69 3 6 0 OJ 0 0 0 0 0 0 0 0 0 0 0
95 1.2 0 0 0 0 0 0 0 0 OJ 0J 3 0 4.7 24 0 12 9 0 0 0 0 0 0 0 0.4
96 0 0 0 0 0 0 0.94 0.4 0 0 0 0 I J 4 0 0 OJ OJ 0 0 0 0 0 0 OJ 2.9
97 3 0 4J 0 1.7 OJ 367 OJ 10 3.4 0J 3 OJ 14J 0 17 0 1.1 0 0 06 I J 0.7 1.7 12 2J
98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.7 0 0 0 0 0 0
99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
100 Q.6 0 0 8.7 0 OJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.9 26 3.7 0 0
101 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
102 OJ 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
103 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
104 0.9 20 35 0 5.1 24 3.02 0 0 0 4.19 OJ 0 0 0 0 0 0 0 56 3.9 12 8 0 96
105 0 0 0 0 0 0 0 0 0 0 2.97 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0
106 0.6 0 0 0 0 0 0 0 0 1 0 OJ 0 0 0.9 0 0 0 0 0 0 0 0 0 0
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107 0 6 0 0 0 0 17.1
108 0 0 0 0 0 0 0
109 0 0 0 0 0 0 0
110 0 0 0 0 0 0 0
111 0 0 0 0 0 0 0
112 0.9 0 0 0 0 0 0
113 0 0 0 0 0 0 0
114 0 0 0 0 0 0 0
115 0 0 0 0 0 0 0
116 0 0 0 0 0 5.2 0
117 OJ 0 0 0 0 0 0
118 0 0 0 8.7 0 I 0.1
119 0 2 0 0 0 0 0
120 I J 12 0 6 J OJ OJ 203
121 0 0 0 0 0 3.1 0
122 0 0 0 0 0 0 0
123 0 26 13 8.7 4.8 21 0
124 OJ 4 0 0 0 0 0
125 0 0 0 0 1.7 0 0
126 0 0 0 0 0 0 0
127 0 0 0 0 0 1 0
128 OJ 0 0 2 2 OJ 0 Q.74
129 0 0 0 0 0 0 0
130 3.9 0 0 0 0 0 0
131 0 2 0 0 4J 21 17J
132 15 0 0 0 0 0 0
133 0 0 0 0 0 0 0
134 0 0 0 0 0 0 0
135 0 0 0 Z l 0 0 0
136 0 0 0 0 0 0 0
137 0 0 0 0 0 0 0
138 OJ 0 0 0 1 OJ 0.1
139 0 0 0 0 0 0 0
140 0 0 0 0 0 0 0
141 0 0 0 0 0 0 0
142 0 0 0 0 0 0 0
143 0 0 0 0 0 0 0
144 0 0 0 0 0 0 0
145 0 0 0 0 0 0 0
146 0 0 0 0 0 0 0
147 0 0 0 0 0 0 0
148 0 0 0 0 0 0 0
149 0 0 0 0 0 0 0
150 0 0 0 0 0 0 0
151 OJ 0 0 0 0 0 0
152 0 0 0 0 0 0 0
153 0 0 0 0 0 0 0
154 OJ 0 0 0 2.4 62 126
155 3 0 0 0 0 0 0
156 0 0 0 0 0 0 0
157
spat
dze
2.1 0 8.7 6 J 21 1.6 0.69
2
§
Q 2 2 2 § o*D| 8 £ 8 •oZ 9; I2 8 5 s Q
6 £ 6 6 6 £ 6 6 S
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0.08 12 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0.15 I J 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 023 1.4 0 0.1 0 0
0 0 0 0 0 0 0 0 0
10 0 13 267 0 0 OJ 0 0
0 0 0 0.08 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 19 1 0 0 0 OJ
0 0 0 1J 2 0 G.76 0 0 0
0 0 0 1J 2 OJ 0 0 0 0
0 0 0 122 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 6.9 0 0 0 2 1.71 0.1 02 6 2
0 0 0 0 0 0.06 0 0 0
0 0 24 128 0 324 23 0 31
0 0 0 0 0 0 0 0 0
38 14 0 0.76 12 0 0 0 0
0 0 0 0 0 0 0 26 0
0 0 0 0 0 0 0 0 0
0 0 0 0 I J 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0.8 0 1 3.96 0 3.43 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 122 02 0.06 0 0 0
0 0 0 3J 8 0 0 0 0 0
0 0 0 0 0.9 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 1.9 0 0 0 0 0
0 0 OJ 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 1.9 0 0 0
5.4 0 1 0 0 0 0.4 0 0
0 3.4 I 6.4 ■5.1 3J 02 0 5J
0 0 0 023 OJ 0 0 0 0
0.4 0 0 129 22 0.7 0 0 0IM
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0 0 0 0 2 0 2 0 2 1.1 0 16
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1.1 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1.1 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 I J 5.4 0 1.1 0 0
0 0 0 0 0 0 0 0 0
0 0 0 52 12 6 J 3.7 0 32
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 I J 5.9 5.4 4 J 0 0
0 0 0 31 14 20 0.9 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
2 2 0 14 0.6 12 1.9 0 0 1.7
0 0 0 0 0 0 0 0 0
24 11 7 8.4 6.1 3 6 J 0 4.4
0 0 0 0 0 0 2 9 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 25 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 3.9 3.4 42 2 J 0 3.7
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 2 27 0 0 0.7 0 0 0 21
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 I 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0.4 0 0 2 6 5.9 I J 5 2 OJ 0
11 3.7 4.7 02 0 0 0 0 3.1
0 0 0 0 0 0 0 0 0
0 0 0 0 3.4 24 62 82 1.7I*
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APPENDIX B: MODERN ANALOG ANALYSIS DATA
Appendix B.l. Percent matrix of census data for modem tropical ostracode localities 
in modem analog analysis. Locations and environmental information, Appendix B.2.
M o d e m  S ta tion TM 73 IS 7319 TW 7323 77 7332 7323 7330 780 779* T743f 7337 Cl C2 KJ n
F ig u re  3.3 .1  r a p  code T T T T T T T T T T T T T n a KK CR
Actinocythereis on on on on on 0.0 on on on on on on on on on on on
Ambocylhere on on on on on 0.0 on on 0.0 on 0.0 on on on on on on
ArgiUoecia on on on on on on on on on on on on 0.0 on on on on
AuriJa on in on on 2 0 on 14 10.3 2 9 on on 1 03 on 2 3 0 4 0.7 13
hairrfiiftf 2.1 5 3 7 3 2 0 25 3 0.0 0.0 on on on on on 7.6 2 3 0.8 1.0 3 4
Bassleriies on in on in an on on on on on on on 13 on 0 .0 on on
Bradleya on on on on on on on on on 0.0 on on on 0.0 on 0.0 on
Bythoceradna on on on on on on on 0.0 on on on on on on on 0.0 on
Cailistocythere 0.0 on on 13 on on on 0.0 on on on on 5.1 14 0 4 on 0.7
Cativella 0.0 on on on 0.0 on on on on on 0.0 1.7 on on 0.0 0.0 on
Caudites 35.8 on 9.7 2 3 4 4 n 0.0 on on on on on on 5.1 0 4 0 4 0.7 on
Costa on on on on on on on on on 9.1 154 24.1 5.1 on 0.0 0.0 on
Hulingsinga i . i 4 3 in in on on on on on on 0.0 on on 0.7 4 3 on 0 3
CythereUa on on on on on on on on on 9.1 on on 13 on on on on
Cytherdloidea 0.0 on on 2 0 on on on on on 9.1 on 1.7 on on on on on
Cytheropteron 0.0 on on on on on on on on on on on on on 0.0 on on
Cytherura 10.5 2 4 3.6 2 9 4 n 46.7 25.1 1.9 5 3 37.1 3 0 3 27.6 20.4 2 3 1 13 0 3 121
Echinocytherds on on on on on on on on on on on on on on 0.0 on on
Eucytherura on on in on on on on on on on on 1.7 13 on on on on
Gangamocytheridea on on on on on on on on on on 0.0 on on on on on on
Hemicylherura 10.5 4 3 4.1 5.9 16.0 on on on on on on 3 4 on on on on on
Hermanites 2.1 15.4 103 3.9 on on on on on on on on 16.6 i. i 0 .0 in 0.7
Jugosocythereis on u on on 2 7 on on 0.0 on 0.0 on 1.7 0.0 on 0.0 0.0 0 3
Kangarina on 0.0 on on on on on on on on 0.0 on 0.0 on on on on
Keijia on 0.0 0.0 on on on on 0.0 on on on 5 2 6 4 2 3 0.0 on 0 3
Krithe on 0.0 on on on on on on on on on on on on on 0.0 on
Laxoconcha on on on on on 6.7 2 3 7 1 73 14 8.0 15.4 0.0 on on on 0.0 on
Loxocomiculum 16.8 10.1 5.1 3 4 0.7 on on 0.0 on 0.0 0.0 on 13 65.4 4 2 4 7 42 44.8
ra c ro c y p r id s on on on on on on on on 0.0 0.0 on on 0.0 on on on on
Megacythere on on on on 0.0 on 7 2 6 3 14 0.0 on 0.0 on 0.0 on on 0.0
Morkovenia 0.0 6 3 33.8 21.5 13 on on 0.0 0.0 on 0.0 on 7.6 3 3 2 5 4n 14.1
Munseyella on on on on on on on on on 0.0 on on on on on on on
Neoeaudites 4.2 2 4 in in on on on on on on on 0.0 on on on on on
O ccultocythereii on on 0 3 on on on on on on on on on on on on on on
Orionina 4.2 2 9 5.6 16.6 6.7 on on on on on on 17.2 8.9 0 4 0 4 on 4 4
Paraeytheridea on 1.9 0.0 0 3 on on on on on on on on on 14 1 2 0.0 3 4
PeUudstoma 0.0 on on on on 0.0 on on on 183 on on on 0 4 5 3 on 0 3
Perissacytheridea 0.0 on on on on 36.7 16.4 29.0 85.5 on on on on 2 5 18.1 on on
p ro p o u to cy p n d s 0.0 3 4 1.0 on on 0.0 on on on on on 0.0 on 0.0 0.0 on on
Protocytheretta 2 1 on 1 3 on on on on on on on on on on on on 0.0 on
Pseudoceradna on 0.0 on on on on 0.0 0.0 on on on on on 0.0 on on on
Pterygocytherds on 0.0 on on on on on on on 0.0 0.0 0.0 0.0 0.0 on on on
Pumilocytkeridea 0.0 0.0 2 1 on 13 on on on 0.0 on 23.1 on 0.0 on on on on
Puriana 21 6 3 on 2 0 13 • 0.0 on on on on 7.7 0.0 on 0.0 4 3 on on
Quadracythere on 14 in on on on 0.0 0.0 on 0.0 7.7 on 0.0 8 3 0 4 on 4.7
RadimeUa on on 5.6 on on on on on on on an on on on 0.0 on on
Reussicythere on 0.0 on on 5 3 on on 0.0 0.0 9.1 0.0 0.0 13 on on on on
Triebeiina on 2 4 0.0 0.0 on 0.0 on on on on on on on on on 0.7 in
Xestoleberis 8 4 26.9 5.1 11.7 213 iao 26.1 34.6 2 9 on on 5 2 10.8 2 8 6.6 17.5 8.1
(continued)
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Modem Station K5 K6 K7 m K9 K10 Kll K13 K14 Kli K16 KJ7 Kll K19 CO C l KXZ C 3
Figure 3.3.1 map code K& Dt ICR KR KR KR KR KR KR KR KR KR KR KR KR KR KR KR
Actinocythereis on on on on on on on 0.0 on on on on on on 0.0 on on on
Ambocythere on on on on on on on on on on on on on on on on on on
ArgiUoecia on on on on on on on on on on on on on on on on on on
Aurila 0.0 on 1.4 1.6 4.7 1.7 29 in an 05 in 0.7 on 85 i.i 14 05 21
baiidiids 1.7 m 65 12 in 21 4.1 1.7 i.i 20 74 in 92 25 21 14 in 14
Bassleriies on 0.0 on on on on on on on on on on on on on on on on
BratUeya 0.0 0.0 on on on on on on on on on on 0.0 on on 0.0 on 0.0
Bythoceradna on on on 0.0 0.0 on on on on on on on on on 0.0 0.0 0.0 on
Cailistocythere 2A 0.0 on 20 on in 0.6 27 i.i 1.7 on 26 on on on 04 22 28
Cativella 0.0 on on 0.0 on on 0.0 on on on 0.0 on on on 0.0 0.0 on 0.0
Caudites on in on 04 on on 05 05 0.0 on on 0.7 0.0 1.9 on on 0.0 0.0
Costa on on on on on on on on on 0.0 on 0.0 on on 0.0 0.0 0.0 on
Hulingsinga on 0.0 0.0 32 8.9 on 05 on on 0.7 0.0 0.0 85 5.1 0.0 0.0 0.0 on
CythereUa on on on on on on on on on on on on on 0.0 on on on on
CythereUoidea 0.0 0.0 on on on on on on on on on 0.0 on on 0.0 on on 0.0
Cytheropteron on on on on on on on on on on 0.0 on 0.0 on on 0.0 on 0.0
Cytherura 1.7 on 1A 19.7 14.1 in 0.0 54 22 3n 1.6 4.9 5.6 16.6 55 4.6 3.8 11.0
Echinacythereis on on on on on on on on on on on on on on 0.0 on on on
Eucytherura 0.0 0.0 on on on on on on 0.0 on on on 0.0 0.0 on on on on
Gangamocytheridea on on on on on on on on on on on 0.0 on on on on on on
Hemicytherura on on on on on on on on 0.0 on 0.0 0.0 on on on 0.0 on on
Hermanites 1.7 0.6 Z7 on on 24 on 05 on 5.9 in 05 on 0.6 05 3.9 on 14
Jugosocythereis on on on 04 on 0.7 05 05 on on on 15 21 25 on on on 04
Kangarina on on on 0.0 on on on on on on on on on 0.0 on on 0.0 0.0
Keijia on on on on 0.0 on 05 05 on on on on on 0.0 on 55 05 14
Krithe 0.0 on on on on on on on on 0.0 on on on on on 0.0 on 0.0
Laxoconcha on on on on on on on on on on on on 0.0 0.0 on on on on
Loxocomiculum 422 524 55.9 352 31.4 46.6 44.3 564 57.8 56.1 63.8 528 352 28.0 71.1 33.5 38.0 49.8
macrocyptids on on on on on on on on 0.0 0.0 0.0 0.0 on 0.0 on 0.0 0.0 on
Megacythere on on on 0.0 on on on on on on on on on on on 0.0 on on
Morkovenia 30.6 10.5 9.9 04 55 16.8 25 54 31.1 15.8 5.9 75 21 32 11.8 9.6 31.0 11.0
Munseyella on on on on on on on on on 0.0 on on on on on 0.0 0.0 0.0
Neoeaudites 0.0 on on on on on on on 0.0 on on on on on on on on on
Occultocythereis 0.0 on on on on on on on on on on 0.0 0.0 on 0.0 0.0 0.0 on
Orionina i a « on 0.9 20 in 34 on 05 22 20 15 29 28 25 1.6 4.3 15.7 on
Paraeytheridea 24 1.9 25 20 on 45 0.6 27 on 23 3.0 1.6 21 32 0.0 1.1 on 0.0
Peiluastama on on on 12 3.1 0.0 on 05 on on 0.0 1.6 on on on 0.0 0.0 on
Perissocytheridea on on on 129 225 on on 0.7 0.0 on on on 7.7 115 0.0 on on 0.0
propootocyprids on on on on on on on on on on on on on on on 0.0 on on
Protocytheretta on on on 0.0 on on on on 0.0 on 0.0 on on 0.0 0.0 on 0.0 on
Pseudoceradna on 0.0 on on on on 0.0 0.0 0.0 0.0 on 0.0 0.0 on 0.0 0.0 on 0.0
Pterygocythereis on on on on on on 0.0 on on 0.0 on on on on 0.0 on 0.0 on
Pumilocytheridea on on 0.0 on on on on on on on 0.0 on 0.0 on 0.0 on on 0.0
Puriana on on an 7.6 64 0.7 on 05 on on 20 on 144 9.6 0.0 0.4 on 0.0
Quadracythere 24 on 4.1 04 on 27 05 20 35 5.6 6.6 2.9 54 1.9 0.0 192 4.8 on
Radimella on on on 0.0 0.0 on on on on on 0.0 0.0 0.0 on on 0.0 on 0.0
Reussicythere 0.0 0.0 on on on on 0.0 on 0.0 0.0 0.0 0.0 on 0.0 0.0 0.0 0.0 on
Triebelina 0.0 on on on on 0.7 05 05 0.0 0.7 05 05 0.0 on on 0.7 05 on
Xestoleberis 3.7 31.3 14.4 64 on 154 43.0 18.9 i.i 4.0 5.9 1&9 42 25 64 142 26 184
(continued)
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Modem Station EU KL5 K26 tat ■Qt K29 D O K31 D 2 D 3 F1000 FI 001 Ft 002 FKXD Ft 004 Ft 003 FI006
Figure 3.3.1 map code KR KR KR KR KR KR KR KR KR KR F F F F F F F
Actinocythereis Oil OX) OX) OX) 0.0 OX) OX) OX) OX) 0.0 OJ OJ OJ 0.0 OJ 0.0 0.0
Ambocythere 0X1 OX) OX) OX) OX) OX) OX) OX) 0.0 0.0 OJ OJ IJ OJ 02 OJ 04
ArgiUoecia OX) OX) OX) OX) OX) OX) OX) OX) OJ OJ 0.6 0.8 OJ 3.0 02 OJ 3J
Auriia 4.1 9 X) OX) IX) 0.9 0.7 1.9 4J 3.9 OJ 6.1 72 62 15.7 202 16.1 OJ
bairdiids 2X) 8.7 1.6 2.4 0.9 OX) 5X) 1.8 11.7 7X3 0.6 0.0 14 3.7 42 0.6 04
Bassleriies OX) OX) OX) 0.0 OX) OX) OX) OX) OJ 0.0 OJ OJ OJ OJ 0.0 OJ OJ
Bradleya OX) OX) OX) OX) OX) OX) 0.0 OX) OJ OJ 152 152 27.9 OJ 0.0 0.0 39.5
Bythoceradna 0.0 OX) OX) OX) OX) OX) OX) 0.0 0.0 OJ 3J 32 3.1 OJ 02 12 12
Cailistocythere OX) 0.7 OJ OX) IJ 1.4 2.8 2J 0.0 0.9 OJ OJ OJ OJ OJ OJ OJ
Cativella 0.0 OX) OX) OX) OX) OX) OX) 0.0 0.0 OJ 12 0.0 OJ 0.0 12 1.9 12
Caudites 0J 1.7 1.6 OJ OX) OX) OX) OX) OJ OJ OJ OJ OJ OJ OJ OJ OJ
Costa 0.0 0X3 OX) OX) OX) OX) 0.0 0.0 OJ OJ 12 72 32 3.7 3J 12 4.1
Hulingsinga OX) 1.7 OX) OX) OX) 35.9 OX) OX) 0.7 OJ OJ OJ OJ OJ OJ OJ OJ
CythereUa OX) OX) OX) OX) OX) OX) OX) OX) OJ OJ IJ OJ 02 OJ OJ OJ 02
CythereUoidea 0.0 0.0 OX) OX) OX) OX) OX) OX) OJ OJ OJ OJ 02 OJ OJ 02 OJ
Cytkeropteron 0.0 OX) 0.0 OX) OX) OX) OX) OX) OJ 0.0 18.3 120 18.1 18.7 82 11.6 15.0
Cytherura 3.4 0.7 1.6 12.7 IJ IX) 22 7J 4.9 23 7J 72 42 72 6.0 62 OJ
Echinocythereis OX) OX) OX) OX) OX) OX) OX) OX) OJ OJ 0.0 OJ OJ 0.0 OJ OJ OJ
Eucytherura OX) OX) OX) OX) OX) OX) 0.0 OX) OJ OJ 3.7 82 42 6J 52 42 22
Gangamocytheridea OX) 0X3 OX) OX) OX) 0X3 OX) OX) OJ OJ OJ 1.6 0.7 12 3.0 42 1.1
Hemicytherura OX) OX) OX) OX) OX) OX) OX) OX) 0.0 0.0 0.6 02 0.7 0.0 02 0.0 OJ
Hermanites IX) 0J IJ IX) IJ OJ 3J 0.7 1.8 27 OJ OJ OJ OJ OJ OJ OJ
Jugosocythereis 0.7 0J OX) 0.5 OX) OX) OX) IJ 4.6 OJ OJ OJ OJ 0.0 OJ OJ OJ
Kangarina 0X3 OX) OX) OX) OX) OX) OX) OX) OJ OJ 8J 6 A 9.8 9.0 125 129 52
Keijia 0J 0X3 OX) OJ OX) OX) 12 OJ OJ 0.0 OJ OJ OJ 0.0 0.0 0.0 OJ
Krithe OX) OX) OX) OX) 0.0 OX) OX) 0X3 OJ OJ OJ OJ OJ OJ 0.0 OJ OJ
Loxoconcha OX) OX) OX) OX) OX) OX) 0.0 0.0 0.0 0.0 2.4 72 72 10.4 120 123 6J
Loxocomiculum 79.0 47.8 14.8 49.8 81.7 29J 527 57.7 35.7 682 0.0 OJ 0.0 0.0 1.5 OJ OJ
maoocyprids 0.0 OX) 0.0 0.0 OX) OX) OX) OX) OJ 0.0 OJ 0.0 OJ 0.0 OJ 0.0 OJ
Megacythere OX) OX) OX) OX) OX) OX) OX) OX) OJ 0.0 OJ OJ OJ 0.0 OJ 0.0 OJ
Morkovenia 1.7 4X) 61.3 17.1 3X) 25.1 11.7 22 IJ 5J OJ 0.0 0.0 0.0 0.0 OJ OJ
Munseyella 0.0 0.0 OX) OX) OX) OX) 0X1 OX) OJ OJ 42 0.0 OJ OJ 3.0 26 OJ
Neoeaudites 0.0 OX) OX) OX) OX) OX) OX) OX) OJ OJ OJ OJ OJ OJ OJ OJ OJ
Occultocythereis OX) OX) OX) OX) OX) OX) 0.0 OX) OJ OJ OJ OJ OJ 0.0 OJ OJ OJ
Orionina 1.0 IX) 122 5.9 OX) 5.1 0.9 22 8.8 5.0 OJ OJ OJ 0.7 0.0 OJ OJ
Paraeytheridea 1A 1.7 OX) OX) 2.1 OJ 4 A 5X) 6.7 0.9 21.3 17.6 84 172 15.0 202 129
Peiluastama 0.0 OX) OX) OX) OX) OX) OX) OX) 0.0 OJ 0.0 OJ OJ 0.0 OJ 0.0 OJ
Perissocytheridea 0.0 OX) OX) 0.0 OX) OX) 0.0 OX) OJ OJ 0.0 0.0 0.0 0.0 OJ 0.0 OJ
propontocyprids 0.0 OX) OX) OX) OX) OX) OX) 0.0 0.0 OJ OJ OJ 0.0 OJ 0.0 0.0 0.4
Protocytheretta 0.0 OX) OX) OX) OX) OX) 0.0 OX) OJ OJ OJ OJ 0.0 OJ 0.0 0.0 OJ
Pseudoceradna OX) OX) OX) 0.0 OX) OX) 0.0 0.0 OJ 0.0 0.0 0.0 02 0.7 OJ OJ 0.4
Pterygocythereis 0.0 OX) OX) OX) 0.0 OX) 0.0 0.0 0.0 OJ 12 0.0 OJ OJ OJ 0.6 02
Pumilocytheridea 0.0 OX) 0.0 OX) 0.0 OX) OX) OX) 0.0 0.0 0.0 OJ 0.0 OJ 0.0 0.0 0.0
Puriana 0.0 OX) OX) 0.0 OX) OX) 0.0 0.0 42 0.9 0.0 1.6 0.0 0.7 OJ OJ OJ
Quadracythere 1.0 0.7 OX) OX) OX) OJ 4 A 4J 8J 4.1 OJ OJ OJ 0.0 OJ OJ OJ
Radimella 0.0 OX) OX) OX) OX) OX) OX) 0.0 OJ 0.0 OJ 0.8 02 0.7 OJ OJ OJ
Reussicythere OX) OX) OX) OX) OX) 0.0 OX) OX) 0.0 0.0 0.0 0.0 OJ 0.0 OJ 0.0 OJ
Triebelina 0J OJ OX) OX) OJ OX) OX) OJ 0.0 0.0 0.0 0.0 02 0.0 OJ OJ OJ
Xestoleberis 3.7 21.4 42 8 .8 6J OJ 8.8 92 6.7 1.4 24 2A IJ 0.7 OJ 1.9
(continued)
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Modem Station 
Figure 3.3.1 map code f 
Acdnocythereis 
Ambocythere 
ArgiUoecia 
Aurila 
bairdiids 
Bassleriies 
Bradleya 
Bythoceradna 
Cailistocythere 
Cativella 
Caudites 
Costa
Hulingsinga 
CythereUa 
CythereUoidea 
Cytkeropteron 
Cytherura 
Echinocythereis 
Eucytherura 
Gangamocytheridea 
Hemicytherurn 
Hermanites 
Jugosocythereis 
Kangarina 
Keijia 
Krithe 
Laxoconcha 
loxocomiculum  
macrocyprids 
Megacythere 
Morkovenia 
Munseyella 
Neoeaudites 
Occuitocythereis 
Orionina 
Paraeytheridea 
Peibtcistoma 
Perissocytheridea 
propontocyprids 
Protocytheretta 
Pseudoceradna 
Pterygocythcreis 
Pumilocytheridea 
Puriana 
Quadracythere 
Radimella 
Reussicythere 
Triebelina
Xestoleberis 2.3 13.6 63
on on on on on 0.0 0.0
04 2.7 0.7 03 04 on 1.7
53 53 4n 13 1.7 0.7 9.1
12 6.1 82 43 74 18.8 on
93 21.8 19.5 13.5 182 320 0.0
on on on on on on on
232 73 18.7 in 82 85 27.3
04 4 4 in 15 53 85 1.7
on on 12 3n 04 on on
0.0 1.7 1.1 on on on on
on on 0.0 10.0 on 0.7 on
33 in 24 on 22 43 182
on on on on on 0.0 0.0
23 on 0.7 in 04 04 on
on on on in on on on
142 13.0 10.6 on 20.3 55 74
on 1.7 13 15 9.1 15 on
on on on on on on on
4.9 6.1 5.1 35 22 0.7 21.5
4.1 63 33 on ion on 33
on on on sn on on on
04 0.7 0.7 05 04 04 on
on on on 05 on on on
12 3.1 in 6n 6.9 0.7 on
on on 0.0 on 0.0 on 0.0
on in 03 05 on on on
53 123 11.9 on on on sn
on on on on on on on
on on 03 20 on in on
on on 0.0 on on on on
on on an on on on 0.0
on on on on 0.9 22 on
on on on on on on on
on on on in on on on
on on on 3n 04 on 0.0
23 0 2 1.1 65 on 26 on
on on on in on on on
on on on on on on 0.0
on 03 03 on on on 0.0
on on on on 0.0 on 0.0
on 14 on on on on 1.7
12 03 on 0.0 on 2 2 on
on on on on on 0.0 on
on on on on on 0.7 on
on on 0.0 on on on on
on on 03 in 0.0 on 0.0
on on on 0.0 0.0 on 0.0
on on on 0.0 on on 0.0
17.5 1.7 1.6 275 52 74 on
on 0.0 on on on on on
5.1 34 on 12 22 35 35
32 26 1.9 0.6 0.9 on 7.9
0.0 42 25.5 272 16.5 115 0.7
24 &n 18.1 16.0 212 162 293
0.0 0.0 on on on on on
47.8 402 7.7 102 23.4 11.7 21.8
1.6 43 3n in 22 27 64
0.0 43 33 65 6n 0.9 on
1.6 0.9 05 3n 13 54 0.7
an on on 0.0 on on 0.0
62 1.7 4.1 4.1 28 8.1 sn
on on 0.0 on 0.0 0.0 on
on on 0.0 on 02 on on
0.0 on on 0.0 03 on on
11.9 103 102 10.1 5.4 8.1 n n
on on 1.6 0.0 1.6 in on
0.0 on on on on on on
62 128 1.6 5.9 3.8 35 6.1
on 1.7 22 24 28 45 04
0.0 on on on on on on
0.0 on on on 02 on 0.0
on on on on on on on
15 1.7 35 4.7 1.9 9.9 29
on 0.0 on 0.0 0.0 0.0 on
0.0 on 1.1 on 0.0 on 0.0
04 26 7.7 4.1 4.7 35 04
0.0 on 0.0 on on on on
on on 05 on 02 on 1.1
on 0.0 on on 0.0 0.0 on
0.0 0.0 on on on on on
0.0 on 05 on 0.6 on on
on 0.0 on 0.0 on on 0.0
on 0.0 on on on 0.0 on
0.0 0.0 on on on on on
0.0 0.9 1.9 0.6 03 33 on
0.0 0.0 on 0.0 0.0 on 0.0
0.0 0.0 0.0 0.0 on on on
0.0 0.0 on on on on on
on on on on on on on
04 0.0 14 0.0 03 0.9 1.1
9.9 0.9 on on on 0.9 1.1
on on on on 0.0 on on
on on on on 03 0.9 on
on on on on on on on
on 0.0 on on on on on
on on on on on on 0.0
on on on on on on on
on 1.7 1.1 0.0 on on on
(continued)
F10O7 F10M Float F10I7 FI029 FI030 F1047 FlOU FI033 FI 102 FI 103 RIOS R106 FI 107 FI 101 RI09 Fit42 
F F P F F F F F F F F F F F F F
o jo on an
on o.6 in
15 i.i i s
On 0.0 4.9
on on  5.1
on on  on
53.4 32.8 93
on 0.6 0 2
o.o o.o on
on on i.o
on o.o o.o
0.0 33.3 0.8
on on on
on on 0 2
o.o on  0 2
6.1 83  15.6
on on i.o
on on on
27.5 5.6 10.5
on o.o on
on 0.6 in
on on on
o.o on on
an on 6.1
on on on
on 1.7 4.7
22 0.6 1.6
0.0 0.0 0.4
on on 0.6
0.0 on on
on on 0.0
on on 2 2
on on on
on on 0 2
0.0 on an
on 0.6 21.1
on on on
on on on
0.0 0.6 0 2
on on 0.0
on on on
on an 1.0
on on on
0.0 0.0 0 2
0.0 on on
on 0.0 on
0.0 0.0 on
on on on
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Modem Station Fii5t F1157 fiui
Figure 3-3.1 map code p F p
Actinocylhereis on on on
Ambocythere on on on
ArgiUoecia on on 0.7
Aurila 28.0 17.9 9n
bairdiids 28.3 221 21.6
Bassleriies on on on
Bradleya in on 03
Bythoceratina 43 3.9 5.0
Cailistocythere on on 0.7
Cativella on 13 in
Caudites on on on
Costa on in in
Hulingsinga on on on
CythereUa on on on
CythereUoidea on on on
Cytkeropteron 33 63 14.3
Cytherura 1.7 8.2 sn
Echmocythereis on on on
Eucytherura 0.7 i.i 33
Gangftmocytheridea on 13 113
Hemicytherura on on on
Hermanites 4.2 13 2.0
Jugosocythereis 0.7 on on
Kangarina 14 2.9 7n
Keijia on 0.0 on
Krithe on on on
Laxoconcha an 16.0 8.6
Loxocomiculum on on on
maoocypnds on on 0.7
Megacythere on on on
Morkovenia on 0.0 on
Munseyella 33 3.9 on
Neoeaudites on on on
Occultocythereis on on on
Orionina 0.0 0.7 on
Paraeytheridea 2A 0.7 03
Pellucistoma on on on
Perissocytheridea on on on
propontocypridx on on on
Protocytheretta on on on
Pseudoceradna on on 0.7
Pterygocythereis on i.i 03
Pumilocytheridea 0.0 0.0 on
Puriana on on on
Quadracythere on 0.0 on
Radimella on on on
Reussicythere on on on
Triebelina on on on
Xestoleberis 94 7.9 43
FI 160 FI 166 F1I73 F1174 FIIS2 Ft FI 1*5
p F F F p F F
on on on on on on on
on on 0 A 0 3 on on on
13 0.6 1.6 OJ 0.0 on on
7.1 18.1 103 9 4 5.7 103 14.0
24.9 27.5 25.0 233 10.7 14.4 29.6
on on on on on on on
in on 9n 9 4 0 4 on 0.0
1.7 on 4.7 6 3 34 on 2.1
on in 1.6 0.7 1.1 13 0 4
0.7 13 3.1 1.7 on on 2.1
on on on on on on 0 3
13 on 13 3 3 0 3 on 3 3
on on on on on on 0.0
on 0.0 on on on 0.9 0 2
0 3 2 3 on on 43 0.9 0.6
11.4 4.1 15.6 iai 34 5 4 4 3
14.5 153 13 3 3 on on on
on on on on on on on
3n 12 1.6 6 3 on 2.7 0 3
13.1 8 2 on 4.9 153 9.9 5.1
on on 0.4 on on on on
in 9.9 0.0 0.7 6 3 6 3 4.1
on on on on 6 3 0.9 14
0.7 3 3 12 6.9 7.7 5 4 1.9
on on on on on on 0.0
0.0 on 0.0 on on on 0 2
8 3 2 3 9 4 8 3 4 2 7 2 9 3
0.0 on 0 4 on 6.1 3.6 7 2
13 0 3 0 4 on 04 2 7 on
on on on on on on on
on on on 0.0 0.0 on 0.0
on on 3.1 14 on on on
on on on on on 0.0 on
on on 0 4 on 0.0 on 0 4
on 0.0 on on on on 0 4
in on 1.6 in n.i 162 6 4
0.0 on on on on on on
on on on on on on on
on on on on 0.0 0.0 0.0
0.0 on on on on on on
0.7 on on 0.7 on on on
0 3 0.0 3.1 1.0 0.0 0.0 0.0
on on on on on on on
on 13 on on 6.1 3 3 13
0.0 on on on on on on
on on on on 13 13 0.6
on on on 0.0 on an on
on on on on on on on
5.7 13 3.9 0 3 4 2 5 4 3.1
Flltt FI 189 FI 190 Fl 191 F1I9S F1I96 F1197
F F F F F p F
0.0 0.0 o n o n on on on
o n on o n o n on on i.i
13 04 0 .0 0.7 13 3.1 i.i
74 3.7 102 0.7 0.7 23 52
10.1 6n 113 on 27 0.0 3 3
on on o n o n 0.0 54 0.0
74 4.9 0.7 o n 0.7 323 9 3
3.6 6n 4 3 on 13 23 0 3
3.6 13 3 3 20 0.7 on o n
13 13 in 0.0 0.7 13 i.i
on on o n on 20 on on
13 1.1 13 o n 27 20.0 14
on on o n o n o n o n on
13 0.7 in 0.7 on 13 14
0.6 04 0 3 0.7 0.7 o n 03
63 52 14.4 6.1 8.1 9 2 73
on on 0.0 o n o n o n on
0.0 on o n on on o n on
24 4.9 1.6 15.0 14.1 3.1 122
s n 120 143 23.1 54 4.6 1.9
on 04 0.0 2 0 6n o n 0 3
21 64 1.6 14 27 o n 1.9
0.9 1.1 0 3 0.7 on o n 1.1
10.1 94 103 133 163 6.9 33
on on o n on 0.0 o n on
13 0.7 in 14 0.7 o n 0.0
9 2 6n 4 3 14 9 4 3.1 6 0
0.6 0.7 in 20 20 0.0 4.9
03 on 0 3 on 0.7 o n 0.0
on on o n on on 0.0 on
on on o n on 0.0 o n on
on on on 0.0 on 13 o n
on on o n on on o n 0.0
on 0.4 o n 0.7 on o n 0.0
on on on on 0.0 o n 03
124 154 8.9 18.4 121 23 223
on 0.0 0.0 o n 0.0 0.0 0.0
0.0 0.0 on on on 0.0 o n
0.0 0.0 on on 0.0 o n o n
on on o n on 0.0 o n on
13 22 03 0.0 on 0.0 o n
on 0.7 o n on 0.0 0 3 03
on on on o n 0.0 o n o n
1.8 34 0 3 0.7 on o n 14
on 0.0 0.0 on on 0.0 on
0.6 04 0.7 20 0.7 o n 1.9
on 0.0 on on 0.0 o n o n
0.0 04 0.0 o n on o n 0.0
53 4.1 5 3 63 8.1 o n 10.1
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Modem Station FI 199 PI200 F1201 F l 202 Fl 203 FI206 F1210 F I2 U F1214 F1214 F1216 Ko4 Ko7 Ko 9 Ko70 Ko 83 b>92
Figure 3.3.1 map code P F F F F F F P F F P K K 1C 1C K 1C
Acdnocythereis 0 .0 0 .0 OA OA OA OA OA OA 0 .0 OA OA 83 25 OA 0 .0 ia i 126
Ambocythere 0 .0 1.6 OA OA 2 2 7.9 OA OA 03 29 2 1 OA OA 0 .0 0 .0 OA OA
ArgiUoecia 83 OA 0/4 27 9.7 8.9 OA 1.6 03 33 1.1 0 .0 OA OA 0 .0 0 .0 0 .0
Aurila 0i) 3.1 33.6 0/4 62 OA 7.7 8.9 23 0 .0 0 .0 0 .6 25 OA 17.7 OA 3.6
bairdiids 4 A 1.6 43 27 3.1 1A 13 2/4 OA OA 0 .0 OA 0.6 2 2 OA 0 .0 OA
Bassleriies Oil OA OA OA OA OA OA OA OA OA 2 1 1.1 OA 5/4 0 .0 OA OA
Bradleya 20.9 30.5 0.9 OA 16.7 ia9 7.7 8.9 4ao 18.1 27.7 OA 0 .0 OA 0 .0 0 .0 OA
Bythoceratina 0 .0 7A 53 13 OA 11.9 1.9 05 15 OA 0.0 OA OA OA OA OA QA
Cailistocythere 0A OA OA OA OA OA OA 0.8 0.0 OA OA OA OA OA OA 0.0 OA
Cativella 0.0 OA 1.1 OA OA OA 0.0 OA 05 0 .0 0.0 0.0 OA OA OA OA OA
Caudites 0A OA OA 0.9 OA OA OA 0.0 OA 0.0 OA OA OA 0 .0 OA OA OA
Costa 0.0 3.9 24 OA 13 158 1.9 05 3.6 152 2 0 2 0.0 OA OA 0.0 0.0 OA
Hulingsinga 0.0 OA OA OA OA OA OA OA OA OA OA 83 18.6 43 26.8 11.1 9.9
CythereUa 4/4 OA 0/4 0.4 0.0 11.9 OA OA OA 105 32 3.9 5.1 43 43 8.1 OA
CythereUoidea 0.0 OA 0 2 OA OA OA 0.0 05 0.0 OA OA 0.0 0.0 0.0 24 0.0 OA
Cytheropteron 12.1 9/4 6A 11.9 6.6 20 129 65 33 0.0 0.0 9.9 62 8.6 6.7 1A 3.6
Cytherura 0.0 OA OA 13 0.0 OA 0.0 OA OA 0.0 0.0 0.6 23 1.1 OA 0.0 OA
Echmocythereis 0.0 OA OA OA 13 OA OA 0.0 OA OA OA 204 23.7 29.0 24.4 2 0 2 47.3
Eucytherura 12.1 23 13 9.7 8/4 0.0 9A 21.0 135 0.0 OA OA 0.0 OA OA OA OA
Cangamocytheridea 2 2 OA 1A 0.9 0.4 OA OA OA 05 OA OA OA OA OA OA OA OA
Hemicytherura 1.1 15 OA 93 35 OA 13 OA OA OA 0.0 OA OA OA OA OA OA
Hermanites 0A OA 15 OA OA OA OA OA OA OA OA OA OA OA OA OA OA
Jugosocythereis 0.0 OA 0.9 0.0 OA OA 0.0 OA OA 0.0 0.0 OA 0.0 OA 0.0 OA OA
Kangarina 0.0 1.6 3.1 3.1 2 2 OA 9A 113 85 OA 0.0 OA OA 0 .0 OA OA OA
Keijia 0A OA OA 0.0 OA OA OA OA 0.0 0 .0 OA OA OA 0.0 OA OA OA
Krithe 9.9 1.6 0 .0 2 2 0.9 5.9 0.0 OA OA 0.0 0.0 0.0 OA OA 0 .0 0.0 5/4
Loxocortcha 9.9 3.1 6.8 115 7.9 OA 26 24 7.7 0 .0 0.0 235 127 323 OA 11.1 45
Loxocomiculum 0.0 1.6 OA 27 26 OA OA 03 OA 0.0 OA OA OA 0.0 OA OA OA
macxocyprids 0A 0.0 0 2 2 2 OA OA 0.6 OA OA 0 .0 0 .0 0.0 OA 0 .0 43 OA OA
Megacythere 0A OA OA OA 0.0 OA OA OA OA OA OA 1.1 OA OA OA 0.0 OA
Morkovenia 0A OA OA OA OA OA OA OA OA 0.0 0.0 0.0 OA OA 0.0 OA OA
Munseyella 4.4 1.6 0.9 OA 0.9 9.9 13 OA OA 429 426 OA 1.1 2 2 OA OA OA
Neoeaudites 0A 0.0 OA OA OA OA 0.0 OA 0.0 0.0 OA 0.0 OA 0.0 0 .0 0.0 0.0
Occuilocythereis 0A 0.0 OA 05 26 OA OA OA 0.0 0.0 0.0 0.0 OA 0.0 OA 0.0 OA
Orionina 0A OA OA 0/4 OA OA OA OA 0.0 0.0 OA OA OA 0.0 0.0 OA 0.0
Paraeytheridea 6.6 15.6 26.0 3a 1 19.4 OA 342 29.8 12 1 OA OA 0.0 1.1 2 2 0.0 0.0 OA
Pelludstoma 0A OA OA 0/4 OA 0.0 OA OA 0.8 0.0 0.0 0.6 5.1 32 0.6 0.0 OA
Perissocytheridea 0A OA OA OA OA OA OA OA OA 0.0 OA OA OA OA OA OA OA
propontocypcids OA 0.0 OA 0.0 0.0 4A OA OA 0.0 OA 0.0 OA OA 0.0 OA OA OA
Protocytheretta OA OA OA OA OA OA OA OA OA 0.0 0.0 6.1 5.1 OA 1tt4 293 65
Pseudoceradna 0.0 0.0 OA OA 0.9 OA 0.6 0.0 OA OA OA OA OA OA OA 0.0 0.0
Pterygocythereis OA 0.8 OA OA OA 3A 0.0 0.0 0.0 0.0 0.0 127 9.6 5/4 1 2 9.1 63
Pumilocytheridea 0.0 OA 0.0 OA OA OA 0.0 OA OA 0.0 OA OA 23 OA 0.0 OA OA
Puriana OA OA 0.9 0.0 OA OA OA 05 0.0 OA OA 25 25 OA 1 2 OA OA
Quadracythere 0.0 OA OA OA OA OA OA OA OA OA QA OA OA OA QA OA OA
RadimeUa OA 1.6 0.0 0/4 OA 0.0 1.9 OA 0.6 0.0 0.0 OA OA OA OA 0-0 0.0
Reussicythere 0.0 OA OA OA 0.0 0.0 OA OA OA 0.0 0.0 OA 0.0 OA OA OA OA
TriebeUna 0.0 OA 0.0 OA 0.0 OA 0.0 OA 0.0 0.0 OA OA OA 0.0 0.0 OA 0.0
Xestoleberis 33 8.6 20 4.9 26 6.9 55 24 05 6.7 1.1 0.0 0.0 0.0 0.0 OA
(continued)
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Modem Station Ko 101 R-Pln R-Pu R-Pu R-Pu R-Pu R-Sl R-vioo RrViaa R-II R-tl R-Il R- R<AckbuKo 117 Ko HI 15c 3b 17. I3> ib TIxd 3X1 1M DR5 DR1 0R17 Cucbb 1 U.
Figure 3.3.1 map code K K K P P P P P Cl Cl Cl Cl Cl Cl C4 a
Actinocythereis Oil 10.2 Z1 OH OH OH OH OH OH OH OH OH OH OH 0.0 0.7
Ambocythere 0.0 OH OH 0.0 OH 0.0 OH OH OH OH OH OH OH OH OH OH
ArgiUoecia OH OH OH OH OH OH OH OH OH 0.0 OH OH OH OH 0.0 OH
Aurila 0.0 OH OH 0.6 OH OH OH OH 0.0 1H OH 0.0 OH OH OH 0.0
bairdiids OH OH OH 10.1 7.6 26.0 172 0.0 16.6 72 72 42 9.8 1Z6 24.6 1Z7
Bassleriies 0.0 0.0 OH OH 0.0 OH OH 02 02 0.0 0.6 OH OH OH 0.0 OH
Bradleya 0.0 OH OH 0.0 OH OH 0.0 OH 0.0 0.0 OH OH OH 0.0 0.0 OH
Bythoceradna OH OH OH 0.0 232 0.0 62 OH 0.0 0.0 OH 02 OH OH 0.0 OH
Cailistocythere OH OH OH 12 OH OH OH OH 02 22 4.1 OH OH OH OH OH
Cativella OH OH OH 0.0 0.6 OH OH 2Z4 14 OH OH OH OH OH 0.0 OH
Caudites OH OH OH 12 02 02 1.6 0.0 1.4 4H 04 1.1 0.0 Z7 02 4.1
Costa OH 0.0 OH OH 0.6 0 A 02 ia s 0.0 0.0 OH 0.0 OH OH 0.0 OH
Hulingsinga 53.4 0.0 0.0 0.0 OH OH 0.0 OH 02 0.0 OH 02 02 OH 12 04
CythereUa 3.8 12.1 3.1 02 0.6 32 Z6 5.9 0.9 02 12 0.0 OH OH 0.0 OH
Cytherelloidea OH OH OH Z1 OH 04 0.6 OH 0.9 3H 22 10.4 22 42 0.0 1.1
Cytheropteron OH 0.0 OH OH 12 OH 14 16.9 OH OH OH OH OH 0.6 OH OH
Cytherura 0.0 0.0 0.0 1.6 32 02 6.6 4.1 Z9 1.1 3.6 1.3 0.9 0.0 3H 0.7
Echmocythereis 31.6 1.1 OH 0.0 OH OH OH 0.0 OH OH OH OH 0.0 OH OH OH
Eucytherura 0.0 OH OH OH OH OH OH OH OH OH OH OH OH 0.0 OH OH
Gangamocytheridea OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH OH
Hemicytherura OH 0.0 0.0 0.8 OH OH 02 0.0 1.0 12 Z1 0.6 OH 0.0 0.9 42
Hermanites OH OH OH 52 OH 1.1 12 OH 14 5.7 02 Z6 02 6H 42 34
Jugosocythereis OH OH OH 4.1 02 26.9 4.6 OH 5.1 02 0.9 1.9 42 22 0.0 14
Kangarina OH OH OH OH OH 0.9 0.6 0.0 OH 0.0 0.9 OH 0.0 0.0 OH OH
Keijia 0.0 OH 0.0 02 OH 1Z4 OH OH OH 0.0 Z1 OH OH 04 0.0 0.0
Krithe OH 0.0 0.0 OH OH OH OH OH OH OH OH OH OH 0.0 OH 0.0
Laxoconcha 12 45.8 552 12 94 OH 8.9 92 12 Z1 42 22 02 Z1 OH 0.0
Loxocomiculum OH OH OH 2Z1 02 02 52 OH 242 23.0 47.1 328 21.5 272 19.5 226
macrocyprids OH 0.0 OH 02 3Z3 02 1Z1 OH 52 04 OH 0.4 0.7 0.6 0.6 0.0
Megacythere 0.0 OH OH 0.0 OH OH OH OH OH OH 0.0 OH OH OH OH 0.0
Morkovenia OH 0.0 OH 32 OH OH OH OH 02 8.9 12 12 OH 02 3.6 02
Munseyella OH HH OH OH OH OH OH OH OH 0.0 OH 0.0 OH 0.0 OH OH
Neoeaudites 0.0 OH OH 02 OH OH 02 OH 02 02 1.1 0.0 02 OH OH 02
Occultocythereis OH OH 0.0 02 02 02 02 OH 02 OH 0.0 0.0 02 0.4 OH 0.1
Orionina OH OH 0.0 Z4 OH 5.6 54 4.8 3.1 Z3 22 Z4 0.9 02 0.6 1.4
Paraeytheridea OH OH 0.0 15.1 OH 132 7.6 OH 72 18.6 32 9.0 105 74 84 6.9
Pellucistoma 0.0 OH Z1 4.7 5.6 02 4.6 8.7 02 OH 0.0 OH 0.0 0.0 OH OH
Perissocytheridea 0.0 0.0 OH OH OH OH OH OH OH OH 0.0 0.0 0.0 OH OH 0.0
propontocyprids 0.0 0.0 OH 02 12 0.9 0.8 OH 1.0 0.0 0.0 OH OH 0.0 Z7 OH
Protocytheretta 9.0 11.7 36.5 OH OH OH OH OH 02 02 0.9 02 1.6 OH 0.9 3.1
Pseudoceradna 0.0 OH 0.0 OH 0.0 OH OH 0.0 0.0 0.0 0.0 OH 0.0 OH OH 0.0
Pterygocythereis 0.0 18.9 1.0 OH 12 0.0 1H 0.0 02 0.0 02 OH 0.0 02 OH 0.0
PumUocytheridea 0.0 0.0 0.0 0.6 OH 0.4 OH 0.5 OH 0.0 0.0 02 0.0 0.0 0.0 0.0
Puriana 0.0 0.0 0.0 1.6 OH 04 1.6 162 1.9 0.6 Z6 3.0 14 02 0.6 1.9
Quadracythere OH OH 0.0 12 OH 0.0 04 0.0 12 32 02 62 0.9 Z1 OH 22
Radimella OH OH 0.0 7.0 7.9 02 Z6 OH 8.9 6.8 42 11.9 32 11.6 9.9 172
Reussicythere OH OH OH OH OH OH OH OH 0.0 0.0 OH OH 0.0 OH OH OH
Triebelina 0.0 OH 0.0 02 OH OH OH OH 0.7 02 0.0 0.6 0.5 0.6 OH 0.1
Xestoleberis OH 0.0 OH 11.0 22 54 42 OH 11.5 6.7 5.1 6H 39.3 17.1 192 1Z8
(continued)
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R-1343 R-I5«  R.IS70 R-1371 R-I373 R-I394 R-1639 R-1693 R-1712
aa  C2 C2 C2
Modern Station 
Figure 33.1 map code a  
Actinocythereis 
Ambocythere 
Argiiloecia 
Aurila 
bairdiids 
Basslerius 
Bradleya 
Bythocerahna 
Callistocythere 
Cativeila 
Caudites 
Costa
Hulingsinga 
Cytherella 
Cytherdloidea 
Cytheropteron 
Cytherura 
Echinocytherds 
Eucytherura 
Cangamocytheridea 
Hemicytherura 
Hermanites 
Jugosocythereis 
Kangarina 
Keijia 
Krithe 
Loxoctmcha 
Loxocomiculum  
macrocyprids 
Megacythere 
Morkovenia 
Munseyella 
Neocaudites 
Occultocytherds 
Orionina 
Paracytheridea 
PeUudstama 
Perissocythaidea 
propontocyprids 
Protocytheretta 
Pseudoceralina 
Pterygocythertis 
Pumilocytheridea 
Puriana 
Quadracythere 
Radimella 
Reussicythere 
Triebelina
XestoUberis OX) OX) OX)
3.7 13 13 03 02 02 0.0
OX) 03 03 02 02 03 0.0
OX) 03 03 13 02 02 0.7
03 0.7 03 33 13 02 03
0.8 3.7 3.9 16.1 35.1 44.0 11.8
0 JO 0.7 03 02 02 02 03
OX) 03 03 0.0 02 0.0 02
OX) 03 03 02 03 03 13
OX) 03 0.0 02 0.0 02 02
OX) 0.0 0.0 02 02 02 0.7
OX) 0.0 03 24 02 03 02
0.0 03 03 02 0.0 02 0.0
39.8 16.4 452 63 3.6 120 75
OX) 1.9 03 02 02 02 03
03 3.7 03 3.6 0.7 02 1.0
0.0 1.1 03 0.7 0.0 02 13
ia3 73 19.7 15.6 33 5.6 105
03 14.2 03 02 93 0.7 15.1
OX) 03 03 03 02 03 02
OX) 03 0.0 0.0 02 02 02
0.0 03 03 02 02 02 0.0
OX) 03 03 02 02 02 0.0
OX) 0.0 03 02 02 4.9 1.3
OX) 03 03 03 0.0 0.0 0.0
OX) 03 03 02 0.0 03 0.0
0.0 03 03 02 02 0.0 0.0
43 1.1 127 0.0 13 12 1.6
03 0.7 03 7.7 03 05 1.0
03 23 03 12 43 4.6 72
0.0 03 03 0.0 02 03 0.0
03 03 03 02 0.0 0.0 03
03 03 03 03 02 03 02
03 03 03 0.7 32 0.9 1.0
03 03 03 02 0.0 0.0 0.0
03 03 03 13 03 02 02
3.9 53 5.4 26.9 21.9 19.4 20.3
0.0 03 0.0 02 0.0 0.0 23
03 03 0.0 03 0.0 03 0.0
03 3.7 03 3.6 0.0 0.0 02
13 63 03 02 03 03 02
0.0 03 03 02 0.0 0.0 0.0
13 52 03 02 0.0 0.0 13
0.0 03 0.0 03 0.0 0.0 02
123 142 3.9 1.9 132 21 8.9
03 03 03 03 0.0 0.0 0.0
11.8 73 3.9 24 22 1.9 45
0.0 03 03 02 02 0.0 03
03 03 0.0 02 0.0 0.0 0.0
03 03 02 32 02 02 03
cz a a a a a a
03 02 03 03 03 02 03
0.0 03 03 03 0.0 0.0 03
20 15 13 33 0.0 03 02
1.1 3.0 1.9 02 0.0 05 3.7
62 3.0 11.9 202 42 83 88
1.6 15 0.1 03 0.0 02 02
02 02 02 0.0 03 02 02
0.0 02 02 1.0 03 02 02
0.0 03 0.0 02 02 02 0.0
02 0.0 03 05 02 03 03
0.0 0.0 04 02 02 03 02
02 02 02 02 0.0 02 0.0
8.9 4.7 13.6 5.6 329 23.4 27.6
3.9 12 0.9 20 03 02 0.0
55 32 15 12 14 3.1 0.9
1.1 43 08 0.0 03 0.0 0.1
1.1 132 98 16.1 34.1 44.0 26.5
29.4 15.0 128 84 52 12 21
02 03 02 03 0.0 0.0 0.0
0.0 0.0 02 02 0.0 0.0 0.0
0.0 03 03 03 02 03 02
02 03 02 02 0.0 0.0 0.0
1.1 15 32 03 02 0.0 0.0
0.0 05 03 02 02 03 05
02 03 02 02 0.0 0.0 02
0.0 02 0.0 13 02 0.0 0.0
13 12 13 05 1.7 24 6.9
43 5.7 4.4 0.0 02 0.0 02
0.0 05 27 14.6 03 05 0.5
0.0 0.0 02 02 0.0 03 0.0
0.0 0.0 0.0 03 02 03 02
21 1.5 05 03 0.0 0.0 02
02 02 0.1 03 02 03 02
02 0.0 0.0 02 02 03 03
0.7 20 20 0.0 0.0 03 02
6.6 11.5 13.7 13.6 82 38 106
3.6 32 3.1 02 03 02 0.1
0.0 02 03 03 02 0.0 03
05 02 03 03 0.0 02 0.1
02 0.0 03 1.8 0.7 0.7 05
03 03 02 0.0 0.0 03 0.0
4.6 25 27 23 05 0.9 0.7
0.0 02 02 02 0.0 03 0.0
3.6 7.0 4.7 5.9 3.7 12 45
0.0 0.0 0.0 02 02 02 02
9.4 11.7 5.0 0.0 63 9.9 55
0.0 02 02 03 02 0.0 02
0.0 0.0 0.1 03 02 02 02
0.9 0.7 08 13 02 02 02
R-1499 R-1307 R.1313 R-I32I R.134I R .U 47 R-1334 R.1364
a  a  a  a
02 02 02
0.0 02 02
03 03 03
02 02 0.6
13.4 4.7 13
0.0 03 03
03 02 02
0.0 02 02
0.0 0.0 02
02 02 03
02 02 0.0
02 02 0.0
19.7 28.0 34.0
02 02 0.0
0.7 02 0.0
02 04 0.0
108 22.4 14.5
03 02 0.0
0.0 03 03
02 0.0 02
02 02 02
03 03 0.0
02 02 0.0
0.0 12 0.0
0.0 02 02
02 02 02
0.7 5.9 0.0
0.0 1.6 03
13 28 1.3
0.0 0.0 0.0
02 02 02
02 02 0.0
02 02 03
03 02 03
02 0.0 03
23 122 94
3.9 22 75
0.0 02 03
0.7 04 0.0
34.4 04 9.4
0.0 02 0.0
0.7 0.4 03
03 0.0 0.0
33 8.7 2a  1
02 03 0.0
7.9 9.1 1.9
02 02 02
02 0.0 03
259
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Appendix B.2. Location and environmental information for available modem 
tropical ostracode census localities. T=Teeter, 1975; KR= Krutak, 1982; F= Fitliian, 
1980; K= Kontrovitz, 1976; R= Cronin, personal communication.
Station Depth
(m)
Lithologic character Environment Location
T36 no data c=carbonate platform Belize
T315 no data c=carbonate platform Belize
T3I9 no data c=carbonate platform Belize
T68 no data c=carbonate platform Belize
T325 no data c=carbonate platform Belize
T2 no data b=chetumal bay Belize
T532 no data b=chetumal bay Belize
T523 no data b=chetumal bay Belize
T550 no data b=chemmal bay Belize
T60 no data l=mam lagoon Belize
T294 no data l=main lagoon Belize
T145r no data I=main lagoon Belize
T357 no data l=mam lagoon Belize
ICR I 1.80 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR2 0.51 no data reef Veraruz-Anton Lizardo reefs, Mexico
ICR3 1.70 no data reef Veramz-Anton Lizardo reefs, Mexico
KR4 1.00 no data reef Veraruz-Anton Lizardo reefs. Mexico
KR5 0.70 no data reef Veraruz-Anton Lizardo reefs, Mexico
ICR6 0.83 no data reef Veraruz-Anton Lizardo reefs. Mexico
KR7 0.85 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR8 0.87 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR9 0.80 no data reef Veraruz-Anton Lizardo reefs, Mexico
ICR 10 2.00 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR11 0.25 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR13 0.50 no data reef Veraruz-Anton Lizardo reefs, Mexico
ICR 14 0.22 no data reef Veraruz-Anton Lizardo reefs, Mexico
ICR 15 0.75 no data reef Veraruz-Anton Lizardo reefs, Mexico
ICR 16 0.50 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR17 0.57 no data reef Veraruz-Anton Lizardo reefs, Mexico
ICR 18 2.00 no data reef Veraruz-Anton Lizardo reefs, Mexico
ICR 19 0.91 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR20 1.10 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR21 1.10 no data reef Veraruz-Anton Lizardo reefs, Mexico
ICR22 0.80 no data reef Veraruz-Anton Lizardo reefs. Mexico
ICR23 0.60 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR24 0.90 no data reef Veraruz-Anton Lizardo reefs, Mexico
ICR25 1.00 no data reef Veraruz-Anton Lizardo reefs, Mexico
1CR26 1.10 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR27 0.90 no data reef Veraruz-Anton Lizardo reefs, Mexico
ICR28 0.50 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR29 0.77 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR30 0.66 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR31 0.57 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR32 1.80 no data reef Veraruz-Anton Lizardo reefs, Mexico
KR33 0.60 no data reef Veraruz-Anton Lizardo reefs, Mexico
FI 000 73 Calcareniac pelite open shelf (Paria) Paria shelf, N Pana Peninsula: Caribbean
F1001 63 Calcaremtic pelite open shelf (Paria) Paria shelf, N Pana Peninsula; Caribbean
FI 002 60 Calcarenitic pelite open shelf (Pana) Pana shelf, N Pana Peninsula; Canbbean
F1003 49 Calcarenmc pelite open shelf (Paria) Paria shelf, N Pana Peninsula; Canbbean
FI004 48 Calcarenttic pelite open shelf (Pana) Pana shelf, N Pana Peninsula; Caribbean
FI 005 48 Calcarentdc pelite open shelf (Pana) Paria shelf. N Pana Peninsula; Caribbean
FI 006 59 Calcarenmc pelite open shelf (Pana) Pana shelf, N Pana Peninsula; Canbbean
FI 007 59 Pelite open shelf (Paria) Paria shelf. N Pana Peninsula; Caribbean
FI 014 50 Pelite open shelf (Tnmdad) Tnnidad shelf; Caribbean
FI 021 146 Calcarenitic pelite open shelf (Pana) Pana shelf, N Paria Peninsula: Canbbean
(continued)
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Station Depth
(m)
Lithologic character Environment
FI 027 106 Very pelitic calcarenite open shelf (Onnoco)
FI 029 73 Calcarenitic sand open shelf (Onnoco)
FI 030 62 Calcarenitic sandy pelite open shelf (Onnoco)
FI 047 93 Calcarenitic sand open shelf (Guyana)
FI 048 69 Calcarenmc sand open shelf (Guyana)
FI 055 88 Calcarenitic sand open shelf (Guyana)
FI 102 54 Pelite open shelf (Trinidad)
FI 103 49 Calcarenitic sandy pelite open shelf (Trinidad)
FI 105 81 Calcarenitic sandy pelite open shelf (Trinidad)
FI 106 63 Calcarenitic sandy pelite open shelf (Trinidad)
FI 107 51 Calcarenitic sandy pelite open shelf (Trinidad)
FI 108 44 Sandy pelitic calcarenite open shelf (Trinidad)
FI 109 44 Calcarenitic sandy pelite open shelf (Trinidad)
FI 142 53 Calcarenitic sandy pelite open shelf (Tnnidad)
FI 156 93 Calcarenitic sand open shelf (Guyana)
FI 157 77 Calcarenitic sand open shelf (Guyana)
FI 158 65 Calcarenitic sand open shelf (Guyana)
FI 160 63 Calcarenitic sand open shelf (Guyana)
FI 166 65 Calcarenitic sand open shelf (Guyana)
FI 173 183 Calcarenitic sand open shelf (Orinoco)
FI 174 86 Calcarenmc sand open shelf (Orinoco)
FI 182 42 Sandy pelitic calcarenite open shelf (Trinidad)
FI 184 44 Sandy pelitic calcarenite open shelf (Trinidad)
FI 185 44 Calcarenitic sand open shelf (Trinidad)
FI 188 79 Calcarenitic sand open shelf (Trinidad)
FI 189 77 Calcarenitic sand open shelf (Trinidad)
FI 190 60 Calcarenitic sand open shelf (Trinidad)
FI 191 49 Sandy pelitic calcarenite open shelf (Trinidad)
FI 195 20 Calcarenitic pelite open shelf (Trinidad)
FI 196 81 Calcarenitic pelite open shelf (Tnnidad)
FI 197 73 Calcarenitic pelite open shelf (Trinidad)
FI 199 183 Calcarenitic pelite open shelf (Trinidad)
FI 200 126 Calcarenitic pelite open shelf (Trinidad)
F1201 65 Calcarenitic pelite open shelf (Trinidad)
FI 202 187 Calcarenitic pelite open shelf (Trinidad)
FI 203 156 Calcarenitic peiite open shelf (Trinidad)
FI 206 99 Pelite open shelf (Trinidad)
FI 210 73 Calcarenitic pelite open shelf (Paria)
FI 213 73 Calcarenmc pelite open shelf (Paria)
FI 214 81 Calcarenitic pelite open shelf (Pana)
F1215 88 Pelite open shelf (Pana)
FI 216 75 Pelite open shelf (Paria)
K.4 40.2 sand-silt-clay open shelf (Louisiana)
K.7 58.5 sand-silt-clay open shelf (Louisiana)
K 9 32.9 sand-silt-clay open shelf (Louisiana)
1C 70 42.1 sand open shelf (Louisiana)
K.83 27.4 clayey silt open shelf (Louisiana)
1C 92 62.2 silty clay open shelf (Louisiana)
1C 101 36.6 clayey silt open shelf (Louisiana)
K 117 20.1 clayey silt open shelf (Louisiana)
K 118 18.3 clayey silt open shelf (Louisiana)
R-Panama 15c 6.1 no data no data
R-Panama 3b 27.4 no data no data
R-Panama 17a 10.7 no data no data
R-Panama 13a 48.8 no data no data
R-Panama 8b 23.5 no data no data
R-St. Thomas 1 no data no data
R-V100388 0.3 no data no data
R-VIOOI88 0.3 no data no data
R-8IDR5 1 no data no data
R-81DR1 1 no data no data
Location
Orinoco shelf. N of Orinoco delta; Atlantic 
Orinoco shelf. N of Onnoco delta; Atlantic 
Orinoco shelf. N of Onnoco delta; Atlannc 
Guyana shelf, SE of Onnoco delta; Atlantic 
Guyana shelf, SE of Onnoco delta; Atlantic 
Guyana shelf, SE of Orinoco delta; Atlantic 
Tnnidad shelf. Serpents Mouth; Atlantic 
Trinidad shelf, E Trinidad; Atlantic 
Tnnidad shelf, E Trinidad; Atlantic 
Trinidad shelf. E Trinidad; Atlantic 
Trinidad shelf, E Trinidad; Atlantic 
Trinidad shelf, E Trinidad; Atlantic 
Trinidad shelf, E Trinidad: Atlantic 
Trinidad shelf, E Serpents Mouth; Atlannc 
Guyana shelf. SE of Onnoco delta; Atlantic 
Guyana shelf, SE of Onnoco delta; Atlannc 
Guyana shelf, SE of Onnoco delta; Atlantic 
Guyana shelf. SE of Onnoco delta; Atlannc 
Guyana shelf. SSE of Orinoco delta/; Atlannc 
Orinoco shelf, N of Orinoco delta; Atlantic 
Orinoco shelf, N of Orinoco delta; Atlannc 
Trinidad shelf, E Tnnidad; Atlantic 
Trinidad shelf, E Trinidad; Atlantic 
Trinidad shelf, E Trinidad: Atlantic 
Trinidad shelf, E Tnnidad/ S Tobago; Atlannc 
Trinidad shelf, E Trinidad/ S Tobago; Atlannc 
Trinidad shelf, E Trinidad/ S Tobago; Atlannc 
Tnnidad shelf, E Trinidad/ S Tobago; Atlannc 
Trinidad shelf. E Trinidad/ S Tobago; Atlannc 
Trinidad shelf. N Trinidad/ W Tobago; Caribbean 
Trinidad shelf, N Trinidad/ W Tobago; Canbbean 
Trinidad shelf. N Trinidad/ W Tobago; Caribbean 
Trinidad shelf, N Trinidad/ W Tobago: Caribbean 
Trinidad shelf, N Tnnidad/ W Tobago; Caribbean 
Trinidad shelf, N Trinidad shelf: Caribbean 
Trinidad shelf, N Trinidad shelf; Canbbean 
Trinidad shelf, N Trinidad shelf; Canbbean 
Paria shelf, N Paria Peninsula; Canbbean 
Paria shelf, N Paria Peninsula; Canbbean 
Pana shelf. N Pana Peninsula; Caribbean 
Pana shelf, N Paria Peninsula; Caribbean 
Pana shelf, N Paria Peninsula; Caribbean 
Louisiana continental shelf 
Louisiana continental shelf 
Louisiana continental shelf 
Louisiana continental shelf 
Louisiana continental shelf 
Louisiana continental shelf 
Louisiana continental shelf 
Louisiana continental shelf 
Louisiana continental shelf 
ofTValieme Penn, Sharkhole Point 
Chiriqui Grande N9o 7.5' W82o00’
Chinqui Lagoon near Bocas del Toro
Chiriqui lagoon; 78 n. mi. north of Escudo
Chiriqui. berwen Isla Popa/ Cayos Zapatilla
Virgin Islands
St. Johns Virgin Island
St. Johns Virgin Island
Bayahibc. Dominican Republic
Boca Chica. Dominican Republic
(continued)
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Station Depth Lithologic character Environment Location
(m)
R-81DR17 1 no data no data Dominican Republic
R-Cancun 1 9 no data no data Cancun
R-Acklins Island 0.3 no data no data Bahama. Acklins Island
R-1499 19 no data no data N 30o39.6’ W 81ol3.7’
R-1507 22 no data no data N 29o59' W 8lo02_3’
R-15I3 18 no data no data N29o39.5’ W81oOO’
R-1528 36 no data no data N 28o39.8' W 80ol4.5'
R-1541 66 no data no data N 28o00.1' W 8O0OO.I'
R-1547 20 no data no data N 27o29.5’ W 80o08.4’
R-1554 55 no data no data N 26o31.1' W 80o01.4'
R-1564 105 no data no data N 25o08.5’ W 8O0 11.9’
R-1565 85 no data no data N 25o01.r W 80ol8.3'
R-1566 87 no data no data N 24o54' W 80o26.5'
R-1570 88 no data no data N24o34.8’ W81o07’
R-1571 89 no data no data N 24o32* W 81ol6.5'
R-1575 74 no data no data N 24o25.I' W 82oOO.O’
R-1594 220 no data no data N 24o58.4’ W 8O0 11.5’
R-1659 48 no data no data N 31oOO’ W79o59’
R-1695 38 no data no data N 30o00’ W 80o29.6’
R-1712 49 no data no data N30o20.2’ W80ol5'
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Appendix B_3. Percent matrix of census data for fossil genera from the Limdn Basin used in modem 
analog analysis.
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Actinocythereis 3.9 8.9 34 on 33 on 0.9 on Z l on 03 03 on 3n 1.1 on 20 on on on
Ambocythere on on on on on 0.1 on on on on on on on on on on on on on on
Argilloecia on on on on on on on on on on on on on on on on on on on on
Aurila 3.9 02 on 33 on on 03 on on 03 u in 0.6 on 02 03 on on on on
hairriiirf* on 33 03 on 23 on 03 Z9 Z6 43 24 1.9 5.1 3.9 0.7 on 03 on on 0.7
BassUrites on 6.1 17.7 28.8 33 205 82 1Z9 23 23 94 10.7 103 11.8 7.7 75 115 123 16.7 123
Bmdleya 0.0 on on on on on on on on on on on on on on on on 0.0 on on
Bythocemdna on 02 on 0.0 on on 0.0 on on on on on on on on on on 0.0 on on
CaUistocythere on on on on on on on on on on on on on on on on on on on on
CativeUa on 21 21 33 4.1 64 03 7.9 in 13 54 15 03 1.7 33 on 14 0.0 on 14
Caudites 73 0.9 04 on 14 03 03 0.7 in 5.7 24 1.9 44 i.i 13 15 04 on 13 on
Costa on on on on on on on on 03 on on on on on on on on on on on
Hulingsinga 0.0 22 04 33 23 on on 23 3.1 1.9 0.7 15 35 14 15 3n 0.1 on 03 on
Cytherella on 16.0 354 194 16.7 17.9 248 147 74 26 11.8 233 11.7 17.1 173 53 26.7 230 103 8.9
CythereUoidea 3.9 on 03 on 0.9 03 0.6 on on 03 on in 03 on 04 on 03 on on on
Cytberopteroa on 3.1 13 33 23 14 03 on Z l 74 0.7 29 54 0.8 24 on 03 1.6 03 0.7
Cytherura on 4.6 1.7 63 1.1 03 on 32 54 11.1 34 44 4.1 i.i 02 03 04 on 03 21
Echinocytherds on on on on on on on on on on on on on on on on 0.1 on on on
Eucytherum on 03 1.7 on on on on 0.7 on in on on on 03 on on on on on on
Gangamocytheridea on on on on on on on on on 0.6 13 on on on on on on on on on
Hemicytherura on on on on on 0.0 on on on 02 on on on on on on on on on 0.7
Hermasuus on on on on on on on 0.0 on on 0.0 on on on 0.0 on on on on on
Jugosocytherds on on on on on on on on 03 on 0.0 on on on on on on on on on
Kangarina on 03 Zl on 03 on 0.0 on 03 0.9 in 05 0.9 on 13 0.8 03 on on on
Keijia on on on on on on on on on 0.0 on on 0.0 on on on on on on on
Krithe on on on on on on on on on on on on on on on on on on on on
Laxoconcha 3.9 on 13 on 03 on 0.6 on on on 0.0 on 03 on 02 on 0.1 on 03 14
Loxocomiculum 19.6 13 13 on 63 on 32 8.6 136 6.1 93 53 7.6 23 3.7 75 i.i on 52 21
macrocyprids 3.9 on on on 02 on 03 on on 02 on 0.0 on 03 on 0.0 on on on 0.0
Megacythere on on on on on on on on on on on on 0.0 on on on on on on on
Morkovenia on on on on on on 0.0 on on on 0.0 on on on on 0.0 on on 0.0 0.0
Munseydla on on on 0.0 on on on on 03 0.0 on on on 0.0 0.0 on 0.1 0.0 on on
Neocaudites on 13 13 on 23 1.9 0.9 0.7 on 04 24 05 04 03 22 on 15 on 03 0.7
OccuBocytherds on 03 04 on 1.1 04 03 0.7 13 in in 05 on 03 02 on 02 0.0 0.0 on
Orionina 93 on 04 on Z7 04 on i.i 13 53 2n on 1.6 03 02 on 0.1 on 03 on
Pamcytheridea 3.9 23 04 on 1.6 1.9 03 04 3.1 15.9 5.7 1.9 23 03 1.1 on on on 03 14
Pelludstoma on 83 53 9.7 Z7 14 23 on 131 04 13 29 33 7.7 33 on 43 on 26 14
Perissocytheridea 3.9 0.9 1.7 on oo 16.9 on 1.4 03 0.7 03 03 0.6 03 on 0.0 0.1 on on 21
prupantocypnds on on 0.0 on on on on on on on on on on on on on on on 0.0 on
ProtocytheretSa on on on on on on on on on on on 0.0 on on on on on on on on
Pseudoceradna on on on on on on on 04 03 0.1 on in 03 0.0 02 on on on on on
Pterygocytherds 0.0 0.0 on on on on 0.0 on 03 on on on 0.0 on on 0.0 0.0 on on on
Pumilocytheridea on on on 0.0 i.i on 12 4.7 6.7 02 on 05 04 on 15 on on on 13 4.1
Puriana 2S.S 13.6 64 1Z9 15.6 15.7 473 133 72 73 64 63 134 353 34.9 57.9 37.1 582 54.9 50.7
Quadracythere 3.9 0.1 on on 34 on on 1.1 03 02 03 in on on 04 33 04 on 03 0.7
RadimdJa 5.9 16.9 6.9 63 92 73 13 3.6 72 203 229 COft 19.6 63 44 53 0.6 05 23 43
Reussicythere 0.0 on on on 0.0 on on on on on 0.0 on on on 0.0 on on on on on
Triebelina 0.0 on on on on on on on on 0.1 on on on on 04 on on on 0.0 on
Xestoleberis on 33 23 63 15.4 42 6.1 19.0 164 03 74 4.9 13 25 9.6 53 P O 33 23 4.1
(continued)
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on 22 on on on
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on 23 11.3 22 1.0
50.0 36.4 11.3 236 257
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Actinocythereis o n o n o n o n o n o n o n o n o n 0.0 04 on o n o n 1.7 0.0 0.0 0.0 o n o n
Ambocythere o n o n o n o n o n o n o n o n o n o n 0.0 o n o n o n o n 0.0 0.0 0.0 o n o n
Argilloecia o n o n o n o n o n o n o n o n o n o n o n on o n 0.0 o n o n 0.0 o n o n o n
Aurila o n o n o n o n o n o n o n o n o n o n 0.1 02 o n o n o n o n o n o n o n o n
bairdiids \A o n o n o n o n o n o n o n o n o n 0 4 12 125 o n 14 0.0 308 21 12 32
Basslerites 29 io n 16.2 6.9 31.8 a n 20.0 214 102 0.6 4 4 3n 8 2 o n 2 2 o n o n s n 4 2 on
Bradleya o n o n o n o n o n o n o n o n o n o n 0.1 0.0 0.0 o n o n o n o n o n o n o n
Bythoceratina o n o n o n o n o n o n o n o n o n o n o n o n o n o n 0 5 o n 0.0 o n o n o n
Callistocythere o n o n o n 0.0 o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n
Cativella 14 2 6 2 3 3 4 o n 4.0 i n o n 0.9 o n o n 25 o n 2 2 2 5 on o n 15 o n o n
Caudites 1.4 o n 0.8 o n o n o n o n o n o n 5.1 7 5 28 8 2 8.9 14 24 o n 3.0 5 4 226
Costa 0.0 o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n
Hulingsinga 0.0 7.7 o n o n o n 2 0 i n o n 2 8 i.i 15 0 2 0.0 i.i 0.7 0.0 0.0 o n 3.9 o n
Cytherella 7.1 o n i n 121 o n o n 11.0 28.6 I&5 o n 0.1 o n o n 0 2 6 2 o n o n 16.0 3 5 o n
Cytherelloidea 0.0 o n 0.0 o n 9.1 o n 3 n o n 2 8 o n 0 4 3.1 0.0 0.7 0.7 0.0 o n 0 2 3 2 1.9
Cytheropteron o n o n o n 17.2 o n 2 0 2 0 1.8 o n 11.8 3.9 32 o n 12 6.6 o n o n o n 0.9 0.0
Cytherura o n o n 3.8 o n o n s n s n 10.7 o n 5 2 3 2 3.0 8 2 2 4 4 5 o n 0.0 11.0 3 2 o n
Echinocythereis 0.0 o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n
Eucythemra o n o n o n o n o n o n o n o n o n 0 2 o n on 0.0 o n o n o n o n 0.0 o n o n
Gangamocytheridea 0.0 o n o n o n o n o n o n o n o n o n o n o n 4 2 o n o n o n o n 0.0 o n 32
Hemicytherura 0.0 o n 0.0 o n o n o n o n i n o n 0 2 o n o n o n 0.0 o n 0.0 o n o n o n o n
Hermanites 0.0 o n o n o n 0.0 o n o n o n o n o n o n o n o n o n 0.0 24 o n o n o n o n
Jugosocythereis o n o n o n o n o n o n o n o n o n o n 1.7 0.7 4 2 o n o n 45 o n o n o n o n
Kangarina o n o n o n o n o n o n o n o n o n o n 3 5 44 0.0 0 2 o n o n o n o n o n 3.8
Keijia o n o n 0.0 o n o n o n o n o n o n o n o n 0.0 o n o n o n 0.0 0.0 o n o n o n
Krithe o n o n o n o n o n o n 0.0 0.0 o n o n o n o n o n o n o n 0.0 o n 0.0 o n o n
Laxoconcha o n o n o n o n 0.0 o n 7n 8.9 4.6 6 n 10.0 1&0 o n 127 24.6 o n 0.0 o n o n o n
Loxocomiculum 14 15.4 m o n o n 4 n o n 3.6 4.6 2 6 i n 3 5 o n 0.4 5 2 0.4 o n 4.0 28.4 15.1
macrocyprids o n o n o n o n o n o n o n o n o n 0.0 0.0 o n o n o n o n o n 15.4 0 2 0 5 o n
Megacythere 0.0 o n o n o n o n o n o n o n o n o n o n o n o n 0.0 o n on o n 3 4 o n o n
Morkavenia o n on o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n
Munseydla o n o n 0.0 o n o n o n 0.0 o n o n o n o n o n 0.0 o n o n o n o n o n o n 0.0
Neocaudites o n o n o n o n o n o n o n o n o n 0 4 0 4 0 2 o n 0 2 14 02 o n 2 7 0.6 o n
Occultocythereis o n o n o n o n o n o n o n o n o n o n 0.1 0 2 o n o n 0.5 o n o n o n o n o n
Orionina o n o n o n o n o n o n o n o n o n 2 9 0 5 0 2 o n 3 2 5 5 32 o n o n 12 1.9
Paracytheridea o n o n o n o n o n 2 0 o n o n o n 8.7 10.1 3 2 208 2 7 0 5 5.7 462 6 2 104 15.1
Pelludstama 10.0 282 18.5 362 9.1 56.0 24.0 14.3 352 52 o n 4.1 o n 3 2 9.7 04 o n 10.5 5 4 o n
Perissocytheridea o n o n i n o n o n 2 0 i n o n o n 0.7 4 5 13.2 o n 0 2 o n 57.3 0.0 17.1 15 o n
propoolocypndj 0.0 o n o n o n o n o n o n o n o n o n o n o n o n o n o n o n 0.0 o n o n o n
Protocytheretta o n o n o n 0.0 o n o n o n o n o n 0 2 o n o n o n o n o n o n o n o n o n o n
Pseudoceradna o n o n o n o n o n o n in o n o n 0.1 0.1 12 o n o n 0.0 on o n o n o n 0.0
Pterygocythereis o n o n o n o n o n o n o n o n 0.0 o n 0.0 o n o n o n 0 2 o n o n o n o n o n
Pumilocytheridea o n 0.0 in 6.9 o n o n 4 n 0.0 o n 12 0.1 0.0 4 2 0 4 1.7 o n o n o n 0.0 o n
Puriana 70.0 35.9 45.4 172 45.5 N o » o o n o n 5 2 3.8 12 8 2 7.1 121 215 o n 32 0.6 o n
Quadracythere o n o n o n 0.0 o n o n o n 0.0 o n 0 2 2 0 0.7 on o n o n on o n 1.9 10.4 112
RadimeUa 4 2 o n 3.1 o n 4 5 o n o n o n 0.9 31.7 28.1 18.1 125 49.4 9 2 12 7.7 4.9 11.6 132
Reussicythere 0.0 0.0 0.0 o n o n o n o n o n o n 0.0 o n 0.0 o n o n o n o n 0.0 o n o n o n
Triebelina o n o n o n 0.0 o n o n o n o n 0.0 o n o n o n 0.0 o n o n o n o n o n o n 1.9
Xestoleberis o n 0 2 0.8 o n o n o n o n 8.9 19.4 7.4 72 10.0 8 2 24 0 2 0 2 o n 3 4 3.9 5.7
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Actinocythereis 0.0 on on on on on on on on on on on on on on 0.0 on 0.0 on 0.0
Ambocythere on on on on on on on on on on on on on on on on on on on on
Argilloecia on on on on on on on on on on on on on on on on on on on on
Aurila on on 0 4 i.i 2 0 13 1.9 on on i.i on 27.9 on on on on on on on on
bairdiids 4 3 on 0.0 21 in 13 on on sn 4 4 323 34.9 on 0.6 on 0 4 0 2 0 3 0 3 13
Basslerites on on on 2 3 0.7 4 4 on 3.1 on an on on on on on on on on on on
Bradleya on on on on 0.0 on on on on on on 0.0 on on on on on on on on
Bythoceratina on on on 0.0 on on on on on on 0.0 on on on on on 0.0 on on on
Callistocythere on on on on on on on on on on on on on on on on 0.0 on on on
Cativella on on 0.4 i.i 2 0 on on 2 4 on on on on on on on on on 0.0 on on
Caudites 15J2 28.0 4.8 0.9 13 3 3 5.7 on sn 3.9 on 2 3 sn 15.9 9.9 5.7 3.7 9.6 5 3 5 3
Costa on on on on on 0 2 on on on on on on on on on on on on on on
Hulingsinga on on 0.0 sn 0.7 5 3 1.9 on on on on on 0.0 on 0.0 on on on on on
Cytherella in on 0 4 4.1 3 2 3.1 1.9 0.7 on on on on 0.0 on on on on on on on
Cytherelloidea on on i.i 0 2 on 13 on on on on on on 0 2 on on on on on on 0 3
Cytheropteron on on 0 4 34 0 3 4 3 on on on on on on on on on on on on on on
Cytherura on on 1.5 0.1 0 2 13 1.9 24 0 3 on on on on on on on on on on on
Echinocythereis on on on on on on on on on on on on on on on on on on on on
Eucytherura on 0.0 0.0 on on on on on on on on on on on on 0.0 0.0 on on on
Gangamocytheridea on 0.0 0.7 0 2 0 2 0 4 on on on 0 4 on on 20 3n 3 2 1.6 12 2 3 6 2 2 6
Hemicytherura on on on on on on on on 0 3 on on on on on on on on on on 0.0
Hermanites on on on on on on on on on on on on on on on on on on on on
Jugosocythereis on on 04 on on on on on on on on 0.0 53 6 3 182 273 362 9n 2 in 9 3
Kangarina on 0.0 i.i on on 0 4 1.9 on 3.7 21 on 2 3 on on on on on on on on
Keijia 0.0 on on on on on on on on on on on on on on on on on on on
Krithe on on on on on on on on on on on on on on on on on on on on
Laxoconcha on on on on 0.0 on 0.0 0 2 0 3 on on on on on 0.0 on on on on on
Loxocomiculum 227 120 21.4 128 103 8 4 23.6 on 27.8 37.8 47.5 on 20.1 14.7 11.8 128 212 124 128 21.3
macrocyprids on on 0.7 on 0.7 on on on on 0.9 on 2 3 on 0.0 on on 0.0 on on on
Megacythere on on on 0 3 12 2 2 on 203 on on on on on 0.0 on 0.0 on on on on
Morkavenia on on on on on on on on on on on on on on on 0.0 on on on on
Munseyella on on on on on on on on on on on on on 0.0 on on on on on on
Neocaudites on on 2 0 on 0 2 0 4 on 0.7 on on on on on on on on on on on on
Occultocythereis on on on 0 2 on on on on 0.0 0 4 on on on on on on on on on on
Orionma on on i.i 0.9 32 2 0 on 0.7 13 0 2 on 0.0 0.7 0.9 1.9 0.9 1.8 0.6 12 0 3
Paracytheridea 121 10.0 4.8 4.9 11.9 7.1 6 3 on 126 103 on 4.7 13.8 29.4 24.0 132 14.3 29.9 333 129
Pelluastoma on on on 7.0 2 0 42 5.7 23.3 on 0.0 on 0.0 on on on on on on on 0.0
Perissocytheridea 7.6 on on 0 3 2 5 24 18.9 462 on on on on 13 3n 4 3 12 1.6 3 4 29 4.7
ptopootocyprids on on on on on on on on on on on on on on on 0.0 on 0.0 on 0.0
Protocytheretta on on on on on on 0.0 on on on on on on on on on on on on on
Pseudoceratina 0.0 on on on on on on on on on 0.0 on on on on on on 0.0 on on
Pterygocythereis on on on 0.0 0 2 0 2 on on on on on on on 0.0 0.0 on on on on on
Pumilocytheridea on on on 24 on on on on 0.0 on on on on on on on on on on on
Puriana in on 04 24.5 iai 29.8 7 3 0 2 0 3 on on on on on 0 3 on 14 on on on
Quadracythere 121 sn 17.0 0.9 on 24 0.9 on 6.8 28 on 14.0 4 3 4 3 0.6 63 1.4 23 1.6 11.6
Radimella 182 10.0 27.7 on 14.8 11.0 10.4 on 31.0 24.5 130 7n 330 20.4 233 29.8 15.7 16.4 126 8.7
Reussicythere on 0.0 on on on on on on on on on on on on on on on on on on
Triebelina 3n on on on on on on on on on on on on on 0.0 on on on on on
Xestoleberis m 20.0 0.0 102 1&8 29 11.3 on 53 11.3 5.0 4.7 5.6 0.9 1.9 0.1 1.4 126 12 15.0
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Actmocythereis on on on on on on on on on on on 0.0 on on 0.0 on on on on
Ambocythere on on on on on on on on on on on on on on on on on on on
Argilloecia on on on an on an on on on i.i on on on on on on on on on
Aurila on on on on on on on 583 on on on on on on on an 05 on on
bairdiids on 05 loao 77.6 100.0 loon 9.1 on 103 25.7 on on 333 133 14.3 41.5 on 03 05
Basslerites on on on on on on on on on on on on u.i on on 0.0 on on 02
Bradleya on on on on on on on on on on on on on on on on on on on
BythoceraXina on on on on on on on on on on on on on on on on on on on
Callistocythere on on on on on on on on on on on on on on 0.0 on on on on
Cadvella on on on on on on on on on on on on on on on 0.0 0.0 on on
Caudites on 1.7 on on on on on on on 5.1 on 123 on on on 21 in 03 192
Costa on on on on on on on on on on on on on on on on on on on
Hulingsinga on 0.0 on on on on on on on on on on on on on on 13 05 on
Cytherella on on on on on on on on on 03 23 on •no on on on on on on
Cytherelloidea 0.0 05 on on on on on on on on on 6.1 11.1 1.6 28.6 53 in 03 03
Cytheropteron on 0.1 on on on on on on on 03 on on on on on 73 0.0 on on
Cytherura on 03 on on on on on on on 5.9 63 4.1 on 0.8 0.0 32 43 4.6 on
Echinocythereis on on on on 0.0 on on on on on on on on on on on on 0.0 on
Eucytherura 0.0 on on on on on on on on on on on on on 0.0 on on on on
Gangamocytheridea on 12 on on on on on on 03 0.6 on on on on on i.i on on 4n
Hemicytherura on on on on on on on 83 2.9 on on on on 1.6 0.0 on on on on
Hermanites on on on on on on on on on 43 on on on on on 0.0 on on 0.0
Jugosocythereis 8.7 7.9 on on on on on 0.0 03 23 on on on 23 14.3 on on on 14.0
Kangarina on on 0.0 on on on on on on 1.1 on on on on 0.0 32 on on on
Keijia on on on on on on on on on 0.0 on on on on on on on on on
Krithe 0.0 on on on on on on on on 03 on on on 0.0 on 0.0 on on on
Laxoconcha on 0.1 on 0.0 on on 0.0 on 0.0 0.0 0.0 on on on 0.0 on on on 0.0
Loxocamiculum 13.0 20.2 0.0 on on on 3.6 on 203 1.1 23 32.7 u.i 34.6 0.0 0.0 43 0.8 8.1
maaocypri ds on 0.0 0.0 on on on 0.0 on 29 3.7 on on on 1.6 0.0 21 on on 0.0
Megacythere on on on on on on on on on on 0.0 on on on on on 0.0 03 03
Morkavenia on on on on on on on on on on on on on on on on on on on
Munseyella on on on on on on on on on on on 0.0 0.0 on on 0.0 on on on
Neocaudites 0.0 0.0 on on on on 73 on u on on on on on on on on on on
Occultocythereis on on on on 0.0 on on on 13 i.i on on on on on on on on on
Orionina 6.5 3n on on on on on on on i.i i.i on on on on on on on on
Paracytheridea 17.4 31.0 on on on on 782 16.7 195 1.7 on 82 on 55 on 135 on 03 307
Pellucistoma 0.0 on on on on on on on on 03 0.6 on on on on on 23 62 on
Perissocytheridea 0.0 15 on on on on on on on on 0.6 on on 0.0 on on in 13 6n
propoatocypridj 0.0 on on on on on on on on on on 14.3 on 0.0 on 21 on on on
Protocythereaa 0.0 on on on on on on on on on 0.0 on on 0.0 on on on on on
Pseudoceradna on 0.0 on on on on on on on on on on on on on 32 on 0.0 on
Pterygocythereis on on on 0.0 on on on on on on on on on 0.0 on on on on 0.0
Pumiloeytheridea on on on on on 0.0 on on on on on on on on on on in on on
Puriana on on on on on • on on 0.0 on 63 16.1 an on 0.0 on 21 19.1 5.1 03
Quadracythere 65 3.2 on 0.0 on on on on 4.1 03 on on on 3.1 0.0 on on on 83
Radimella 34.8 25.5 0.0 3n on on 13 on 25.7 15.8 on 22.4 55 35.4 429 21 0.0 0.0 3.1
Reussicythere on on on 0.0 on on on on 0.0 on 70.7 on on on on on 64.1 783 on
Triebelina on on on on on on on on on 03 on on on 0.0 on 53 on on on
Xestoleberis 13.0 35 on 19.4 on on on 16.7 10.8 20.1 on on 5.6 on on 53 on 05 52
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267
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
i§ 2 s G s S 2 s G G G s G G G £ G
% ? o O •o v ? £ « 3 -O 3 <3 •o •o ■o «3 -p
O
<3
6 1 I i i 6 1 6
■**46 1 3s I I i i i>4 ss 33 o ?
Actmocythereis 53 on on on on on on on on on on on on on on on on on on on
Ambocythere on on on on on on on on on on on i.i 12 12 on 0.6 0.0 on on on
Argilloecia 0.0 0.2 on on 0.7 on on on on 20.5 62 42 14.6 15.9 16.6 12 18.8 16.5 119 12
Aurila on 1A on on 04 0.6 on 12 on on on on 12 02 12 0.0 on on on on
h flirriittft on 6 2 18.9 24.7 9.7 29 21.5 0.9 1.7 on 12 20 22 32 4.6 0.6 21 on on 32
Basslerites 42 40 on on 6.1 on 02 on on on on on on on on on on on on 0.0
Bradleya on on on on on on on on on on 12 162 4n 29 on 21.5 on 15.4 33 55.7
BythoceraXina on on on on on on 0.1 on on on 12 on on on on 25 on on on on
Callistocythere on on on on on on on on on on on on on 0.0 on 0.0 on on on on
Cadvella 17.6 3n on on on 04 on on on on on on on on on 0.6 on on on 0.0
Caudites i.i 1.6 21 27 27 42 on 12 10.6 26 on 3.1 7.7 5.9 126 22 104 33 4.1 on
Costa on on on 0.0 on on on on on on 7.7 0.9 02 on on 0.6 on on on 32
Hulingsinga on 4n 6n 21 25 on 02 on on on on 04 on on on on on on on on
Cytherella 24 0.6 on on 02 on on on on 52 12 17.7 22 on 4n 32 42 44 i n 12
Cytherelloidea on 02 11.6 on on 12 on on 22 on on 0.7 on on 0.7 on 21 on on 02
Cytheropteron 1.6 in on 54 0.9 on i.i on on 12 322 17.0 10.4 15.9 0.7 32 on 132 33 84
Cytherura 1.6 23 74 3n 42 20 on on on 12 92 12 0.7 1.8 26 32 on on on on
Echinocythereis on on on 0.0 on on on on on 5.1 on 5.1 1.9 12 32 228 83 33 5.7 53
Eucytherura 0.0 0 2 on on 04 02 02 on on 12 12 on on 0.0 on 0.6 42 on 0.0 on
Gangamocytheridea on 0 2 on on on 02 on on on 0.6 on on on on on on 0.0 on on on
Hemicytherura on on on on on 02 on on on on on on 0.0 on on on on on on on
Hermanites on on 21 on on 02 on on 02 02 on 02 on on on 02 21 i.i on on
Jugosocythereis on on on on 0.7 3.9 23 3.6 112 on on on 04 on on on on 0.0 on on
Kangarina on \ 2 on on 0.7 0.7 on on on 12 on on 0.0 on on 0.0 on on on on
Keijia on on on on on on on on on 0.0 on on on on on on on on on 0.0
Krithe on on on 0.6 on on 0.0 on on 26.9 30.8 10.8 15.0 229 72 92 142 7.7 393 13.0
Laxoconcha 1.6 on on on 0.7 on on on on on on 02 1.9 0.6 32 0.6 63 on 02 on
Loxocomiculum 27 18.4 sn 3.9 14.4 16.5 24.7 402 122 32 3.1 4.9 104 10.0 102 44 8 3 112 4.9 02
macrocyprids 29 12 on 72 1.1 02 on on 22 12 on 0.7 04 02 26 44 63 0.0 1.6 0.0
Megacythere on on on on on on on on on on 0.0 on 02 0.0 on on 0.0 on 0.0 on
Morkavenia on on on on on on on on on on on on 0.0 on on on on 0.0 on 0.0
Munseyella on on on 12 on on on on on 32 on on 1.6 12 32 02 on 0.0 0.0 on
Neocaudites on on 21 sn 02 on on on on on on on 02 on 0.7 12 0.0 on 02 on
Occultocythereis on 04 on 02 02 on 02 on on on on on on on 0.7 on on on 1.6 on
Orionma 0.8 26 62 4.8 1.6 12 on 7.1 172 on on on 02 on 12 on 0.0 on on on
Paracytheridea on u 74 3.9 42 225 24.1 17.0 14.0 32 12 12 12 02 42 1.9 on 22 22 02
Pelludstoma 41.9 8.6 on 02 9.9 on on on on on on 04 on on on on on on on on
Perissocytheridea i.i on 0.0 on 02 on on 0.9 0.0 on on 04 14 on on on on on on on
propoatocyprids on 02 on on 0.9 0.0 on on on on on on 04 0.6 0.0 on on on on 0.0
Protocytheretta on 0.0 on on on on on 0.0 on on on on on on on on on on on on
Pseudoceradna on on on on on on 0.1 on on 0.0 on on 02 on on on on on on on
Pterygocythereis 0.0 0.1 on on on on on on on on on 20 42 4.1 on 32 on 44 02 on
Pumilocytheridea 0.0 0.0 on on i.i 0.0 on on on 0.0 0.0 on 0.0 on 0.0 on 0.0 0.0 on 0.0
Puriana 3.7 28.0 on 3n 129 02 on on on on on 0.7 02 on on on on i.i on on
Quadracythere on on on on on 1.9 0.1 0.9 on on on 04 02 on 42 on 42 on on on
Radimella on 29 28.4 328 3.1 34.7 232 25.9 27.4 1.9 on 4.9 4.6 62 132 5.7 62 9.9 22 32
Reussicythere on on on on 127 on on on on on on on on 0.0 on 0.0 on 0.0 on on
Triebelina on on on on 0.7 on on on on 0.0 on on on 0.0 0.0 on 0.0 on on on
Xestoleberis 93 7.7 21 0.9 62 32 n on 0.6 192 12 2.9 92 32 26 32 21 44 1.6 02
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Actinocythereis on on on 0.0 on on on on on on on 0.0 on on on on 0.0 on on on
Ambocythere on 2n on on on on on 29 on 6.7 on on on in on 0.1 0.7 on on on
Argilloecia n.s 11.7 on 22 0.9 12 04 on 7.7 sn 28.7 24 120 1.9 42 on 44 29 0.6 42
Aurila on on on on on on on on 0.0 on 04 in on on on on on on on on
bairdiids 0.6 12 41.5 30.9 352 34.1 227 0.0 0.0 0.0 on 62 on 19.9 8.1 7.1 82 112 242 92
Basslerites 0.0 on on on on on 0.0 on 0.0 on on on on 0.0 on on on on on on
Bradleya 62 in 12 0.0 12 0.7 0.4 0.0 1.9 1.7 0.7 142 26 on 26.2 02 14.4 on on 226
Bythoceradna on on on on on on on on on 0.0 on on on on on 0.7 0.6 12 02 02
Callistocythere on on on on on on 0.0 on 0.0 on on on on on 0.0 on on 0.0 on on
Cativella 1.6 on on on 22 0.7 0.0 on on 1.7 on in 12 on 12 04 0.7 02 on 4.9
Caudites 3.1 on on 02 02 22 12 on on on 22 54 120 32 32 132 44 72 20 52
Costa on on on on on 0.0 on on on on on on on on on on on 0.0 on on
Hulingsinga on 0.6 4.9 02 04 02 on on on on on on on in on 02 on on on on
Cytherella 3.1 sn 72 02 32 12 on on 1.9 on 126 42 26 5.1 32 0.7 3.1 on on 21
Cytherelloidea on on 12 02 42 1.1 on on 1.9 on 04 on on in 0.7 0.1 0.9 14 i.i 0.7
Cytheropteron 23.0 sn 82 12 12 1.1 0.7 5.9 1.9 25.0 on 10.8 11.7 52 5.6 219 9.6 22 20 7.7
Cytherura 0.9 0.6 on 12 42 0.7 0.0 5.9 on on on 24 12 54 1.1 4.0 1.8 12 14 0.0
Echinocythereis 1.9 0.0 12 0.0 on on 0.0 on on on 12 0.7 on 0.6 on 02 1.1 on on 02
Eucytherura on on 24 on 0.9 04 on on on on on 14 on 12 12 04 12 0.0 on in
Gangamocytheridea on on on 23 on 04 i.i on on on on on on on on on 02 on i.i 02
Hemicytherura on on on 0.0 on on on on on on on on on on 0.9 on 02 on on 02
Hermanites on on on 12 on 22 on on on on on 02 0.0 on on on 02 0.7 02 02
Jugosocythereis on 0.0 on 12 on 04 i.i on on on on on on 02 14 0.1 0.7 104 5.7 02
Kangarina 0.9 on on 02 0.9 22 25 5.9 1.9 1.7 04 in 12 29 42 7.4 3.7 8.0 54 42
Keijia on on on on on 0.0 0.0 on on on on on on on on on 0.0 0.0 on on
Krilhe 6.2 47.4 3.7 0.0 42 1.1 14 8.8 17.3 16.7 232 24 182 0.0 4.6 1.0 5.9 5.9 on sn
Laxoconcha on on on 02 on 0.7 on on 0.0 on on 14 on on on 0.0 on on on on
Laxocomiculum 62 on on 152 1.7 74 7.9 on on on 22 14 104 02 32 1.4 22 0.9 20 21
macrocypiids on on 3.7 42 52 52 3.9 on on on on on on 5.1 0.0 1.1 0.0 42 1.7 in
Megacythere on 0.0 on on on on on on on on on on on on on 0.0 on on 0.0 on
Morkavenia on on on on on on on on on on on on on 0.0 on 0.0 0.0 on 0.0 on
Munseydla 3.7 16.4 24 on 1.7 on on 61.8 61.5 38.3 92 20 120 5.1 54 4.8 4.8 02 on 3.1
Neocaudites on on 24 0.5 8.7 0.7 on on on on 04 4.7 on 1.0 on 0.1 1.1 on on on
Occultocythereis on on on 14 04 22 22 on 32 0.0 04 on on in 1.9 1.9 02 32 1.7 1.4
Orionina on on 24 0.6 1.7 3.1 on on on on on in on 42 on 02 1.7 0.7 22 on
Paracytheridea 4n on 12 4.1 1.7 5.6 22 29 on 1.7 29 3.1 26 42 12 32 44 24 62 24
Pdhidstama 0.0 on o n 0.7 on 04 0.0 on on on on 14 0.0 in 0.0 0.7 0.0 29 on on
Perissocytheridea on 0.0 on 0.1 0.0 on 0.0 on on on on on 0.0 0.6 0.0 0.1 02 0.0 on on
propontocyprids on on on 12 04 on on on on 0.0 on on on 1.0 on 04 0.0 14 0.9 on
Protocytheretta on on on on on on on on on on on on on on on on on on 0.0 on
Pseudoceratina on on on 02 0.4 1.6 on on on on 0.0 on on on 12 02 04 02 0.9 02
Pterygocythereis 12 on on on 04 on on on on on 0.7 on on 02 0.0 on 02 02 on 02
Pumdocytheridea on on on on on 0.0 on 0.0 on on 0.0 on on on on on on 0.0 on on
Puriana on on on 0.1 on on on on on 1.7 0.0 in 12 1.9 02 02 0.6 in on in
Quadracythere 1.6 on on 0.0 on on on on on on 0.7 24 26 02 02 0.1 0.0 0.0 on 02
Radimella 3.1 22 15.9 82 120 120 40.1 29 0.0 0.0 26 247 on 19.9 16.9 19.6 17.5 18.0 35.0 125
Reussicythere on on on on on on on on 0.0 0.0 0.0 0.0 on 0.0 on on on 0.0 on 0.0
Triebelina on on on 02 on 0.9 on on on on on on on on on on 0.0 0.0 on on
Xestoleberis 19.6 on on 18.4 3.5 7.6 10.4 29 on on 9.6 24 52 32 1.8 42 32 s n 42 22
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Actinocythereis o a on on
Ambocythere OB on on
Argilloecia oo on on
Aurila on on on
bairdiids 62 128 21.4
Basslerites 00 on on
Bradleya 4.9 on on
Bythoceradna on 28 on
Callistocythere on on on
Cativella on on on
Caudites 3.9 6.9 10.7
Costa on on on
Hulingsinga on on on
Cytherella 2.1 on on
Cytherelloidea 0.0 on on
Cytheropteron 15.4 3.1 17.9
Cytherura 3.9 4.1 3.6
Echinocythereis in 0.0 on
Eucytherura in on on
Gangamocytheridea on on 0.0
Hemicytherura 0.0 on on
Hermanites on on on
Jugosocythereis on 7.9 on
Kangarina 28 7.9 3.6
Keijia on on on
Krithe 6.2 in on
Laxoconcha 0.0 on on
Loxocomiculum u 04 on
macrocyprids 1.0 sn on
Megacythere 0.0 on on
Morkavenia 0.0 on on
Munseydla 1.8 in 7.1
Neocaudites on on on
Occuliocythereis 0.8 14 on
Orionma on 4.1 on
Patacytheridea 3.9 5.7 10.7
Pelludstoma on on on
Perissocytheridea 0.0 on on
propomocyprids on in on
Protocytheretta on on 0.0
Pseudoceradna on on 0.0
Pterygocythereis on 0.0 on
Pumilocytheridea on on on
Puriana in 04 on
Quadracythere on 0.0 7.1
Radimella 36.5 21.8 14.3
Reussicythere on on 0.0
Triebelina on on on
Xestoleberis 3.1 8.1 3.6
£ i
o
6 6
V
B
S
B
6
t
6 | |
*04
6
on on on on on on on on
in on on on on 02 0.0 0.6
27.6 i.i 4.7 25.0 on 29 229 on
on on on on on on on on
on on 20.0 25.0 223 63 21 21.8
on on on on on on on 04
0.0 on 1.9 on on 13 0.0 04
0.0 on on on on 02 on 02
on on on on on on on on
on 74 on on on 02 on on
on 5.1 14 on 29 5.6 on s n
on 0.0 on on on on on on
on i.i on on 02 on on on
43 10.3 on on on 15 in 1.7
on on on on on on on 35
6.7 17.7 4 2 on 1.6 182 3.1 27
on 34 on on 02 29 in 33
on on on 0.0 0.0 on on 1.0
on 1.7 on on on 04 on 0.6
on on 205 on 02 on in 0.0
on 0.0 on on 02 on on on
0.0 0.6 42 on on on on 04
on on 1.9 on 272 4n 21 0.6
on 29 28 on 32 21 0.0 1.7
on on on on on on on on
29.0 320 1.9 on on 6.1 50.0 12
on on on on 0.0 on on 0.0
14 4.0 23 on 0.4 25 52 8.9
on on 6n 125 on on 0.0 6 4
on on on on on on on on
on on on 0.0 on on on on
162 on on on on 29 21 12
on i.i on on 02 on on 1.7
on on 0.9 on 04 04 1.0 02
on 0.6 on on on 23 on 60
1.4 4.6 28 on i.i 21 in 02
on on on on on 02 0.0 0.6
0.0 i.i 0.0 on on on 0.0 0.6
0.0 on 3.7 on on 0.0 0.0 1.7
0.0 on on 0.0 on on 0.0 on
0.0 on 1.9 on 0.0 02 0.0 15
0.0 on on on 02 on on on
on on on on on on on 0.0
on on on on on 1.7 0.0 1.5
on on on on on 0.0 0.0 02
4.8 29 6n 125 252 33.1 1.0 152
on on on on on on 0.0 0.0
on on on on on 02 0.0 1.9
6.7 23 112 25.0 14.1 21 63 55
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APPENDIX C: LATE PALEOGENE AND NEOGENE 
OSTRACODE STUDIES
Appendix C. Late Paleogene and Neogene ostracode studies in the Caribbean, 
Atlantic and Gulf Coastal Plain, and eastern Pacific localities. Asterisk indicates 
species list was used in Ostracode Occurrence Database (Chapter 4.4)._________
A llison , E. C ., an d  H o ld en , J. C ., 1971, R ecent ostracodes from  
C lipperton  Is land , easte rn  T rop ical Pacific: T ransac tions o f  th e  San 
D iego Socie ty  o f  N atural H istory, v. 16, no. 7, p. 165-214.
Recent PACIFIC 
Clipperton Island
A n del, T. J. V an, a n d  Postm a. H., 1954, R ecent sed im en ts o f  th e  Gull 
o f  Paria: R ep o rts o f  the  O rinoco S h e lf  Expedition: E erste  R eeks, 
D eel, vol 20, no . 5 , p. 219-231.
Recent CARIBBEAN 
Onnoco shelf
B aker, J. H., 1965, R ecen t m arine o straco d  assem blages o f  P u erto  
R ico  [M .S. thesis'!: T exas C hristian  U niv ., Fort W orth, T ex as, 79  p..
Recent CARIBBEAN 
Puerto Rico
B aker, J. H., and  H u lin g s , N. C., 1966, R ecent M arine O s tra co d e  
A ssem blages o f  P u e rto  R ico, In stitu te  o f  M arine  Science, v. 11, p. 
108-125.
Recent CARIBBEAN 
Puerto Rico
B ate, R. H., W h ittak er, J. E., and M ayes, C. A., 1981, M arin e  
O stracoda  o f  th e  G a lap ag o s islands an d  E cuador: Z o o lo g ical 
Journal o f  the  L in n ean  Society, v. 73 , no. 73, p. 1-79.
Recent PACIFIC
Galapagos; Ecuador
B enda, W. K., and  P u ri, H. S,. 1962, T h e  d istribu tion  o f  fo ram in ife ra  
and  ostracoda o f f  th e  G u lf  C oast o f  th e  C ape  R om ano A rea, F lorida: 
G u lf  C oast A sso c ia tio n  o f  G eological Societies, T ran sac tio n s, v. 12, 
p. 303-341.
Recent GOM
Flonda
B enson , R. H., 19 5 9 , E cology o f  R ecen t ostracodes o f  the  T o d o s  
San tos B ay R eg io n , B aja  C alifo rn ia, M exico: K ansas U n v ie rsity  
Paleon to logy  C o n trib u tio n s , A rth ro p o d a  1, p. 1-80.
Recent PACIFIC
Baja California,
Mexico
B enson , R. H., an d  C o lem an , G. L., 1963, R ecent M arine  o s tra co d e s  
from  the eastern  G u lf  o f  M exico: U n iv ersity  o f  K ansas 
P aleon to log ical C o n trib u tio n s, A rth ro p o d a , A rticle  2, p. 1-52.
Recent GOM
eastern
B enson , R. H „ an d  K aesle r, R. L., 1963, R ecent m arine an d  Iagoonal 
ostracodes from  th e  E stero  de T astio ta  R egion , Sonora, M ex ico  
(N ortheastern  G u l f  o f  C alifornia): T h e  U niversity  o f  K ansas 
Paleon to log ical C o n trib u tio n s, A rth ropoda, A rticle  3, p. 1-34.
Recent PACIFIC 
Gulf of California
B ergquist, R. H ., 1942, Scott C oun ty  fossils, Jackson  F o ram in ife ra  
and  O stracoda: M iss issip p i S tate G eo log ical Survey, G eo lo g ica l 
B ulletin  No. 49 , 146 p.
Eocene GOM
Mississippi
B lake, D. B., 1950, G o sp o rt E ocene O straco d a  from  L ittle S tav e  
C reek , A labam a: Jo u rn a l o f  P a leon to logy , v. 24, no. 2, p. 174-184 .
Eocene GOM
Alabama
B o ld , W . A ., van d e n , 1946, C on trib u tio n  to  the  study  o f  O s traco d a , 
w ith  special re fe ren ce  to  the T ertiary  and  C re taceous m ic ro fau n a  o f  
th e  C aribbean  re g io n . J. H. de  B ussey , A m sterdam , 167 p.
Creuceous,
Tertiary
CARIBBEAN
B o ld , W . A., van  d e n , 1950, A check lis t o f  C uban  O stracoda: Joum ai 
o f  Paleon to logy , v. 24 , no. 1, p. 107-109.
U Cretaceous - 
Middle Miocene
CARIBBEAN
Cuba
B o ld , W . A., van d e n , 1950, M iocene O straco d a  from V en ezuela : 
Journal o f  P a leo n to lo g y , v. 24, no. 1, p . 76-88.
Miocene CARIBBEAN
Venezuela
B o ld , W . A., van d e n , 1957, O ligo -M iocene  ostracoda from  so u th e rn  
T rin idad : M icro p aleo n to lo g y , v. 3, p . 231-254 .
Oligocenc - 
Miocene
CARIBBEAN
Trinidad
B o ld , W . A ., van d e n , 1958, D istribu tion  o f  fresh-w ater o s tra co d e s  in 
T rin idad. M icro p aleo n to lo g y , v. 4, n o . 1, p. 71-74.
decent CARIBBEAN
Trinidad
(continued)
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Bold, W. A., van den, 1958, Ostracoda o f  the Brasso Formation 
Trinidad. Micropaleontology, v. 4, no. 4, p. 391-418.
Oligocene - 
Miocene
CARIBBEAN
Tnnidad
Bold, W. A., van den, 19 6 1, Some new Ostracoda o f the Caribbean 
Tertiary: Koninklijke Nederlandse Akademie van Wetenschappen - 
Amsterdam, Proceedings, Series B, v. 64, no. 5, p. 627-638.
Eocene - Miocene CARIBBEAN
Guatemala
Cuba
Bntish Honduras
Bold, W. A., van den, 1963, Amologous hinge structure in a new  
species o f  Cytherelloidea: Micropaleontology, v. 9, no. 1,: p. 75- 
78.
CYTHERELLOIDEA
Bold, W. A., van den, 1963, The ostracode genus Orionina and its 
species: Journal o f  Paleontology, v. 37, no. 1, p. 33-50.
ORIONINA
Bold, W. A., van den, 1963, Ostracods and Tertiary stratigraphy o f  
Guatemala: Bulletin o f  the American Association o f Petroleum 
Geologists, v. 47, no. 4, p. 696-698.
Ternary CARIBBEAN
Guatemala
Bold, W. A., van den, 1963, Upper Miocene and Pliocene Ostracoda 
o f Trinidad: Micropaleontology, v. 9, no. 4, p. 361-424
U. Miocene and Pliocene CARIBBEAN
Tnnidad
Bold, W. A., van den, 1964, Nota preliminar sobre los ostracodos del 
Mioceneo-Reciente de Venezuela: Geos, v. 11, p. 7-13.
Miocene - Recent CARIBBEAN
Venezuela
Bold, W. A., van den, 1965, Middle Tertiary Ostracoda from 
northwestern Puerto Rico: Micropaleontology, v. 11., no. 4 , p. 381- 
414.
Oligocene - Miocene CARIBBEAN 
Puerto Rico
Bold, W. A., van den, 1965, New species o f  the ostracode genus 
Ambocythere: Annals and Magazine o f  Natural History, Series 13, 
v. 8, p. 1-20.
AMBOCYTHERE
Bold. W. A., van den. 1965, Progress Report on the study o f  post- 
Eocene Ostracoda o f the Caribbean. Fourth Caribbean Geological 
Conference. Trinidad, p. 195-200.
Eocene - Recent CARIBBEAN
Bold, W. A., van den, 1965, Pseudoceratina, a new genus o f
Ostracoda from the Caribbean: Koninklijke Nederlandse Akademie 
van Wetenschappen, Proceedings, Series B, Physical Sciences, v. 
68, no. 3, p. 160-164..
PSEUDOCERATINA CARIBBEAN
Bold, W. A., van den. 1966. Homonyms o f  Bairdia elongata and 
Bythocypris elongata: Journal o f Paleontology, v. 40, no. 1. p. 222- 
223.
BAIRDIA
BYTHOCYPRIS
Bold, W. A., van den, 1966, Miocene and Pliocene ostracoda from 
northeastern Venezuela: Verhandelingen der Koninklijke 
Nederlandse Akademie van Wetenschappen, Afd. Natuurkunde, ser. 
1, v. 23, no. 3, p. 1-43.
Miocene and Pliocene CARIBBEAN
Venezuela
(Northeastern)
Bold, W. A., van den, 1966, Ostracoda from Colon Harbour, Panama 
Caribbean Journal o f  Science, v. 6, n. 1/2. p. 43-64.
Recent CARIBBEAN
Panama
Bold, W. A., van den, 1966, Ostracoda from the Antigua Formation 
(Oligocene, Lesser Antilles): Journal o f  Paleontology, v. 40, no. 5, 
p. 1233-1236.
Oligocene CARIBBEAN 
Lesser Antilles
Bold, W. A., van den, 1966, Ostracoda o f  the Pozon Section, Falcon, 
Venezuela: Journal o f Paleontology, v. 40, no. 1., p. 176-185.
jov/a - Middle 
Miocene
CARIBBEAN
Venezuela
Bold. W. A., van den, 1966, Ostracode zones in Caribbean Miocene: 
American Association o f  Petroleum Geologists Bulletin, v. 50. no.5. 
p. 1029-1031.
diocme CARIBBEAN
Bold, W. A., van den, 1966, Upper Miocene Ostracoda from the 
Tubara Formation (northern Colombia): Micropaleontology, v. 12, 
no. 3, p. 360-364.
Upper Miocene CARIBBEAN
Columbia
(Northern)
Bold, W. A., van den, 1967, Miocene Ostracoda from Costa Rica: 
Micropaleontology, v. 13, no. 1, p. 75-86.
Miocene CARIBBEAN 
Costa Rica
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Bold, W . A ., van d e n , 1967, O stracoda  o f  the G atun Form ation, 
Panam a: M icro p aleo n to lo g y , v. 13, no. 3, p. 306-318.
Miocene CARIBBEAN 
Panama 
(Gatun Fm.)
B old, W . A ., van d e n , 1968, D istribu tion  o f  Trachyleberidinae 
(O stracoda) in th e  N eogene  o f  the  C aribbean : C om m ittee Med. 
N eogene  S tra tig raphy , P roceed ings IV  Session, G iom ale  di 
G eo lo g ia  (2 ) X V , fasc. II, p. 55-66.
TRACHYLEBERIDINAE
Neogene
CARIBBEAN
Bold, W . A ., van d e n , 1968, O s traco d a  o f  the  Y aque G roup 
(N eogene) o f  th e  northern  D om in ican  R epublic: B ulletins o f  
A m erican  P a leo n to lo g y , v. 54, no. 239 . 106 p.
Miocene CARIBBEAN
Dominican
Republic
Bold, W . A ., van d e n , 1969, E stado  d e  nuestro  conocim iento  de  los 
o stracodos fo s ile s  de  am erica  central: P ub licaciones G eologicas del 
Icaiti, no . 2, p. 5 1 -5 3 .
Cenozoic CARIBBEAN
Bold, W . A ., van d e n , 1969, Messinella. a  new  genus o f  O stracoda  in 
the C aribbean : M icro p alco n to lo g y , v. 15, no. 4 . p. 397-400.
MESSINELLA CARIBBEAN
Bold, VV. A ., van d e n , 1969, N eogene  O stracoda  from  southern 
Puerto  R ico . C a rib b ean  Journa l o f  Science, v. 9 , no. 3-4, p. 117- 
133.
Neogene CARIBBEAN 
Puerto Rico
Bold, W . A ., van d e n , 1970, T h e  g enus Costa (O stracoda) in the 
U pper C en o zo ic  o f  the  C aribbean  R egion: M icropaleontology, v. 
16, no. 1, p. 6 1 -75 .
COSTA 
Upper Cenozoic
CARIBBEAN
Bold, W . A ., van d e n , 1970, O straco d a  o f  the  Low er and M iddle 
M iocene o f  St. C ro ix , St. M artin , an d  A nguilla: C aribbean Journa l 
o f  S c ien ce , v. 10, no. 1/2, p .35-52 .
Lower and Middle Miocene CARIBBEAN 
St. Croix, St. 
Martin, and 
Anguilla
Bold, W . A ., van d e n , 1971, O stracode  associations, salinity  and 
depth  o f  d e p o sitio n  in the N eogene  o f  the  C aribbean  region: B ull. 
C entre. R ech. P au  - SN PA . 5 suppl.. p. 449-460 .
Bold, W . A ., van d e n , 1971, D istribu tion  o f  O stracodes in the 
O ligom iocenc  o f  th e  N orthern  C aribbean : T ranactions, Fifth 
C aribbean  G eo lo g ica l C onference, G eolog ical B ulle tin  No. 5, p. 
123-128.
Oligocene - 
Miocene
CARIBBEAN 
Puerto Rico 
St. Croix 
St. Martin 
Anguilla
Bold, W . A ., van d e n , 1971, O straco d a  o f  the  C oastal G roup o f  
Form ations o f  Jam aica : G u lf  C oast A ssocia tion  o f  Geological 
Societies T ran sac tio n s, v. 21 , p. 325-348 .
n CARIBBEAN
Jamaica
Bold, W . A ., van d e n , 1972, C o n trib u tio n  o f  O stracoda to the 
corre la tion  o f  N eo g en e  fo rm ations o f  the  C aribbean R egion, 
T ransac tions, S ix th  C aribbean  G eo log ical C onference, p. 485-490 .
CARIBBEAN
Bold, W . A ., van d en , 1972, O straco d a  o f  the  La B oca Form ation, 
Panam a C anal Z o n e : M icropaleon to logy , v. 18, no. 4, p. 410-442.
Miocene CARIBBEAN
Panama
Bold, W . A ., van d e n , 1973, D istribu tion  o f  O stracoda  in the 
O ligocene  and L o w er and M idd le  M iocene  o f  C uba: Carbbean 
Journal o f  S c ien ce , v. 13, no. 3/4 , 145-159.
Oligocene. Lower/Middle 
idiocene
CARIBBEAN
Cuba
Bold, W . A ., van d e n , 1973, O straco d o s del Post-E ocene de 
V enezuela  y reg io n es  vecinas: S ep arata  de  la M em oria IV, C ongresc 
G eolog ico  V enezo lan o , T om o 2 , B oletin  de  G eologia, P u b lica tion  
Especial N o. 5, p. 999 -1 0 7 1 .
Post-Eocene CARIBBEAN
Venezuela
Bold, W . A ., van d e n , 1974, N eogene  o f  C entral H aiti: Am erican 
A ssociation  o f  P e tro leu m  G eolog ists, v. 58 , no. 3, p. 533-539.
s'eogcne CARIBBEAN
Haiti
B old, W . A ., van d e n , 1974, O rnate  Bairdiidae in the  C aribbean: 
G eosc ience  and M an , v. 6, p. 29-40 .
BAIRDIIDAE CARIBBEAN
Bold, W . A ., van d e n . 1974. O stracode  A ssocations in the C aribbean 
N eogene. V erh an d l. N aturf. G es. B asel, v. 84 , no . 1. p. 214-221.
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B old . W . A - v a n  den, 1974, O stracodos del post-E oceno d e  
V en ezuela  y regiones vecinas. Separata  d e  la  M em ona IV 
C o n g reso  G eologco V enezo lano .T om o 2. B oletin  de G eo lo g ia , N o. 
5. p. 1009-1071.
CARIBBEAN
Venezuela
B old , W . A ., van den, 1975, D istribution  o f  th e  Radimella 
confragosa g roup (O stracoda , H em icy therinae) in the Late N eo g en e  
o f  the  C aribbean: Jo u rn a l o f  Paleon to logy , v. 4 9 , no. 4, 
p. 692-701 .
radimella 
Late Neogene
CARIBBEAN
B old , W . A ., van den, 1975, N eogene b io stra tig rap h y  (O straco d a ) o f  
so u thern  H ispanoia: B u lle tin  o f  A m erican Paleonto log ist, v. 6 6 , no. 
286 , p . 549-625.
Neogene CARIBBEAN
Hispafiola
B old , W . A ., van den, 1975, O stracoda fro m  th e  late N eogene o f  
C uba. B ulletins o f  A m erican  P a leonto logy , v. 68 , no. 289 , p. 121- 
167.
Pliocene CARIBBEAN
Cuba
B old , W . A ., van den, 1976, D istribution  o f  sp ec ies  o f  the tr ib e  
Cyprideidini (O stracoda, C ytherideidae) in th e  Neogene o f  th e  
C aribbean : M icropaleonto logy , v. 22, no . I .  p. 1-43.
CYPRIDEIDINI
Neogene
CARIBBEAN
B old , W . A ., van den, 1976, O straocode co rre la tio n  o f  b rack ish -w ater 
beds in the C aribbean N eogene, T ran sac tio n s, Seventh C a rib b e an  
G eolog ical C onference, p. 169-175.
CARIBBEAN
B old , W . A ., van den, 1978, D istribution  o f  m arin e  podocopid  
O straco d a  in the G u lf  o f  M exico and th e  C arib b ean : Sixth 
In ternational O stracod Sym posium  [S aa lfe id en ], Proceed ings, p. 
175-186.
GOM
CARIBBEAN
B old , W. A ., van den, 1978, D istribution  o f  T e rtia ry  and Q u a te rn a ry  
O straco d a  in C entral A m erica  and M exico: C onexiones T e rre s tre s  
E ntre  N orte  y  Sudam erica . Inst. G e o lo g ia  U niversidad  N ac io n a l 
A uton . M exico, B oletin  Insti. G e o lo g ia  v. 101, p. 114-137.
Tertiary and Quaternary GOM
CARIBBEAN 
Central America 
and Mexico
B old , W. A ., van den, 1981, D istribution o f  O stracoda  in the  
N eogene  o f  C entral H aiti, B ulletin  o f  A m erican  P a leon to log ist, v. 
79, no. 312 . p. 1-136.
Neogene CARIBBEAN
Haiti
B old , W. A ., van den, 1983, Shallow -m arine  b iostratig raphic  
zo nation  in the C aribbean  Post-E ocene, in M addocks, R. F ., ed .. 
A pp lica tions o f  O s tra c o d a  U niversity  o f  H o u s to n , D epartm ent o f  
G eosciences, p. 400-416 .
Eocene - Recent GOM
CARIBBEAN
B old. W . A ., van den, 1985. Heinia, a new  g e n u s  o f  ostracoda  fro m  
the  G u lf  o f  M exico an d  the C aribbean, Jo u rn a l o f  Pa leon to logy , v. 
59 . n o . l .  p . 1-7.
Recent GOM
CARIBBEAN
B old , W . A ., van den, 1988, N eogene P a leo n to lo g y  in the n o rth e rn  
D om in ican  Republic: 7. T h e  Subclass O s tra co d a  (A rthropoda: 
C rustacea), B ulletins o f  A m erican P a leo n to lo g y , v. 94, n. 3 2 9 , 
105 p.
Neogene CARIBBEAN
Dominican
Republic
B old , W . A ., van den, 1988, O stracoda o f  A lacran  Reef, C am p ech e  
Shelf, M exico: T u lane  S tu d ies in G eology  a n d  Paleontology, v. 
21 , no . 4 , p. 143-156.
Recent GOM
Mexico
B old , W . A ., van den, 1989, O stracoda o f  th e  M octezum a F o rm a tio n , 
P liocene , N icoya Pen insu la , C osta  Rica: T u lan e  Studies in G e o lo g y  
and  Paleontology, v. 22 , no . 2, p. 61-64.
’liocenc PACIFIC 
Costa Rica 
(Nicoya Peninsula)
B rady , G. S ., 1866, O n new  o r  im perfectly  k n ow n species o f  m arin e  
O stracoda: Z oological S o c ie ty  o f  L ondon, T ransactions, v. 5 , no . 
10, p. 359-393.
Recent
B rady, G. S ., 1867-1871, D escrip tion  o f  O s tra co d a  in De F o lin  e t 
Perier, eds., Les Fonds d e  la M er, v. 1, p . 5 4 -2 4 7 .
Recent
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B rady , G. S., 1880, R eport on the O s traco d a  d redged  by  H. M. S. 
Challenger d u rin g  th e  years 1873-1876: R eport o f  S c ien tific  
R esu lts V oyage o f  th e  H . M. S. C h a llen g er, Z oo logy , v. 1, p t. 3, 
p. 1-184.
Recent
B rady , G. S., 1911, N o tes on m arine O straco d a  from  M adeira: 
Z oolog ical Society ' o f  L ondon, P roceed in g s, v. 2, p. 595-601 .
Recent
B rem an , E., 1982, D iv ersity  and a sso c ia tio n s o f  ostracode  sh e lls  in 
b o ttom  sed im ents o f  th e  G u lf  o f  V en ezu e la  and  th e  ad jacen t 
co n tinen ta l slope: N in th  C aribbean G eo lo g ical C onference, 
T ransactions, v. 1, p . 233-238.
Recent CARIBBEAN 
Gulf of Venezuela
B utler, E. A., 1963, O straco d a  and co rre la tio n  o f  th e  U pper a n d  
M id d le  Frio  from  L o u is ian a  to  F lorida: L ouisiana D epartm en t o f  
C onservation , G eo lo g ica l Survey B u lle tin , no. 39, 100 p.
GOM
C arren o , A. L., 1985, B iostratig raphy  o f  the Late M iocene to 
P liocene  on the P ac ific  island M aria  M adre, M exico: 
M icropaleon to logy , v. 3 1 , no. 2, p. 136-166.
L Miocene to Pliocene PACIFIC 
Mexico 
(Maria Madre 
Island)
C o h en , A. C ., and M o rin , J. G., 1986, T hree  new  lum inescen t 
ostracodes o f  the  g en u s  Vargula (M yo d o co p id a , C y p rid in id ae) from  
th e  San B ias reg io n  o f  Panam a: C o n trib u tio n s in Science, N atu ral 
H isto ry  M useum  o f  L os A ngeles C ou n ty , no. 373 , 23 p.
VARGULA
Recent
CARIBBEAN
Panama
C o h en , A. C., and M o rin , J. G ., 1989, S ix  new  lum inescen t 
ostracodes o f  th e  g en u s Vargula (M yo d o co p id a , C yprid in id ae) from  
th e  San B ias reg io n  o f  Panam a: Jo u rn a l o f  C rustacean  B iology, v.
9 , no . 2, p. 29 7 -3 4 0 .
vargula
Recent
CARIBBEAN
Panama
C o ry e ll, H. N ., and F ie ld s , S ., 1937, A  G atun  o stracod  fauna fro m  
C ativa , Panam a: A m erican  M useum  N ov ita tes, T h e  A m erican  
M useum  o f  N atu ral H istory , no. 956 , p . 1-18.
Miocene CARIBBEAN
Panama
(Cativa)
C o ry e ll, H. N ., S am ple , C .H ., and Jen n in g s, P. H ., 1935,
Bairdoppilata, a  n e w  gen u s o f  O stracoda , w ith tw o new  species: 
A m erican  M useum  N ovitates, The A m erican  M useum  o f  N atu ral 
H isto ry , no. 777, p . 1-5.
BAIRDOPPILATA
C ro n in , T. M., 1983, B athyal o stracodes from  th e  F Iorida-H atteras 
s lope , the S tra its o f  F lo rid a  and the B lake  Plateu . M arine 
M icropaleon to logy , v. 8, p . 89-119.
Recent ATLANTIC
C ro n in , T. M ., 1983, A  sum m ary o f  ba thya l o straco d es from  th e  U .S. 
A tlan tic  co n tinen ta l m arg in , M addocks, R. F ., ed ., A p p lica tio n s o f  
O stracoda , U niv. o f  H ouston  G eoscience, p. 560-567 .
Recent ATLANTIC 
contmenal shelf
C ro n in , T. M., 1987, E volu tion , b iogeography , and system atics o f  
Puriana: E volu tion  a n d  speciation  in  O straco d a , III: Journal o f  
P a leon to logy , M e m o ir 21 , v. 61, supp l. to  no . 3, 71 p.
PURIANA ALTANTIC, GOM, 
PACIFIC
C ro n in , T ., M ., 198_, O stracodes from  L ate  Q uatern a ry  d eposits . 
S o u th  Texas C oasta l C om plex: U nited  S ta tes G eolog ical S u rv ey  
P rofessional P ap e r I3 2 8 -C , p. 33-63.
Quaternary GOM 
Texas bays
C ro n in , T. M., 1979, L ate  P leistocene m arg inal m arine  ostracodes 
from  the  S o u theaste rn  A tlantic  C oastal P la in  and  th e ir 
env ironm ental im p lica tio n s . Geogr. Phys. Q uater., v. 33 , no. 2 , p. 
121-173.
Late Pleistocene ATLANTIC
southeastern
C ro n in , T .M ., 1988, G eographical iso la tion  in m arine  species:
E vo lu tion  and sp ec ia tio n  in O stracoda, I, in H anai, T ., Ikeya, n ., and  
Ish izak i, K, eds.. E vo lu tio n ary  B io logy  o f  O stracoda: P ro ceed ings 
o f  th e  N inth In terna tiona l Sym posium  o n  O stracoda , K odansha  Ltd.. 
T okyo , Japan, p. 8 7 1 -8 8 9 .
ATLANTIC,
PACIFIC,
CARIBBEAN
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C ro n in , T. M ., and H aze l, J. E., 1980, O stracode  b iostratig raphy  o f  
P liocene and P le is to cen e  deposits o f  th e  C ape Fear Arch reg ion . 
N orth and South C aro lin a : United S ta tes  G eological Survey 
Professional P ap e r 1 125 B. 25 p.
Pliocene ATLANTIC 
North and South 
Carolina
C ro n in , T. M., and S ch m id t, N., 1988, E volu tion  and b io g eography  
o f  Orionina in th e  A tlan tic , Pacific and  C aribbean: E volution  and  
speciation  in O straco d a , II, in H anai, T ., Ikeya, n., and Ish izak i, K, 
ed s., E volutionary  B io lo g y  o f  O stracoda: Proceedings o f  th e  N in th  
International S y m p o siu m  on O stracoda, K odansha Ltd., T okyo , 
Japan , p. 927-938 .
ORIONINA 
Miocxene -Holocene
ATLANTIC,
PACIFIC,
CARIBBEAN
C ro u ch , R. W., 1949, P liocene  O stracoda  from  southern C alifo rn ia , 
Journa l o f  P a leon to logy , v. 23, no. 6 , p. 594-599.
Pliocene PACIFIC
California
(southern)
C u rtis , D. M ., 1960, R ela tion  o f  env ironm ental energy levels an d  
ostracod  biofacies in E ast M ississippi D elta  area: A m erican 
A ssociation  o f  P e tro leu m  G eologists, B ulle tin , v. 44, no. 4, p. 4 7 1 - 
4 9 4 .
Recent GOM
Louisiana,
Mississippi
C ushm an , J. A., 19 2 5 , A n Eocene fauna  from  the  M octezum a R iver, 
M exico: A m erican A ssocia tion  o f  P e tro leum  G eologists B u lle tin , v. 
9 , p. 298-303.
Eocene GOM
Mexicoz
D arby , D. G., 1965, E co lo g y  and tax o n o m y  o f  O stracoda in the  
v ic in ity  o f  Sapelo  Islan d , Georgia: p riv a te ly  p rin ted . U niversity  o f  
M ichigan.
Recent ATLANTIC
Georgia
D ing le , R. V., and L ord , A . R ., 1990, B en th ic  ostracods and  d eep  
w ater-m asses in th e  A tlan tic  O cean: Pa laeogeography, 
Pa laeoclim atology, Palaeoeco logy , v. 80 , p. 214-235.
Recent ATLANTIC Ocean
E dw ards, R. A., 1944, O stracoda  from  th e  D uplin  M arl (U pper 
M iocene) o f  N orth  C aro lin a : Journal o f  Paleon to logy , v. 18, n o . 6, 
p . 505-528.
Upper Miocene ATLANTIC 
N. Carolina
E ngel, P. L., 1956, E co lo g y  o f  o stracoda from  M esquite  and A ran sas 
B ays, southw est T ex as  fM .S . th esis]: U niversity  o f  M innesota, 4 9  p.
Recent GOM
Texas
E ngle , P. L., and S w ain , F . M ., 1967, E nvironm ental re la tionsh ips o f  
R ecen t O stracoda in  M esqu ite , A ransas, a n d  C opano Bays, T ex as 
G u lf  Coast: G u lf  C o ast A ssociation  o f  G eolog ical Societies, 
T ransac tions, v. 17, p. 408-427 .
Recent GOM
Texas
Finger, K. L., 1983, D epositiona l p a leoeco logy  o f  O ligo-M iocene 
o stracodes in the lo w er R incon  Form ation  o f  Southern  C alifo rn ia , in 
M addocks, R. F., ed ., A pplications o f  O stracoda, U niversity  o f  
H ouston , D epartm ent o f  G eosciences, p. 216-228 .
Oligocene - Miocene PACIFIC 
California (S)
Fith ian , P. A., 1980, D istribu tion  and  tax o n o m y  o f  the o straco d a  o f  
th e  Paria-T rin idad-O rinoco  S h e lf [Ph .D . D issertation]: L ou isiana  
S ta te  University, B a to n  R ouge, LA, 532  p.
Recent CARIBBEAN 
Venezuela shelf
G arbett, E. C ., and M ad d o ck s, R. F., 1979, Z oogeography  o f  
H o locene  C ytheracean  O stracodes in the  B ays o f  Texas: Jo u rna l o f  
Paleon to logy , v. 53 , v. 4 , p. 841-919.
Recent GOM
Texas
G ooch , D. D., 1939, S o m e  O stracoda from  th e  Cythereis from  the  
C o o k  M ountain E o cen e  o f  Louisiana: Jo u rna l o f  Paleontology, v. 
13, no . 6. p. 580-588 .
CYTHEREIS
Eocene
GOM
Louisiana
G rossm an , S., 1965, M o rp h o lo g y  and e co lo g y  o f  tw o podocopid  
ostracodes from  R ed fish  Bay, Texas: M icropaleonto logy , v. 11, no. 
2, p. 141-150.
PODOCOPIDS GOM
Texas
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G rossm an , S., 1967, L iving an d  subfossil rh tzopod  a n d  ostracode 
p o p u la tio n s, in G rossm an, S ., and  B enson, R. H ., ed s.. E co logy  o f  
R h izo p o d ea  and  O stracoda  o f  Southern  Pam lico  S o u n d  region. 
N orth  C arolina: T he U n iv ersity  o f  Kansas P a leon to log ical 
C on trib u tio n s, Serial N u m b er 44  - Ecology, A rtic le  I, p. 1-90.
Recent ATLANTIC 
N. Carolina
G unther, F. J., 1967, O straco d a  o f  the G u lf  o f  P an am a an d  B ahia San 
M iguel [M .S . thesis]: M in n eap o lis, M innesota, U n iv ersity  o f  
M inneso ta , 204  p.
Recent PACIFIC
(Panama)
H artm ann, G ., 1953, lliocythere meyer-abichi, n. sp ., e in  O stracode 
des S ch lick w attes von San S a lv ad o r
ILJOCVTHERE CARIBBEAN 
San Salvador
H artm ann , G ., 1956, Z u r K en n tn is  des M angrove-E stero-G ebietes 
von El S a lv ad o r und se in er O stracoden-Fauna: K ie le r 
M eeresfo rschungen , v. 12, no . 2, p. 219-248.
Recent CARIBBEAN 
El Salvador
H artm ann , G ., 1957, C o n trib u c io n  al conocim ien to  de  la region de 
e se ro s y m anglares de  El S a lv ad o r y  su fauna de O stracodos: 
C o m u n icac io n es del in stitu to  T rop ical de  Investigaciones 
C ien tificas d e  la U niversidad d e  El Salvador, v. 6 , no. 3 /4 , p. 47- 
108.
Recent CARIBBEAN 
El Salvador
H artm ann , G ., 1957, Z ur K en n tn is  des M angrove-E stero-G ebietes 
von El S a lvador und se in er O stracoden-fauna, II. S ystem atischer 
teil: K ieler M eeresfo rschungen , v . 13, no. 1, p . 134-159 .
Recent CARIBBEAN 
El Salvador
H artm ann , G ., 1959, Z ur k en n tn is  de r lotischen L ebensbereiche  der 
p azifischen  K uste  von El S a lv ad o r un ter besonderer 
B eru ck sich tig u n g  se iner O stracodenfauna: K ieler 
M eeresfo rschungen , v. 15, no . 2 , p. 187-241.
Recent CARIBBEAN 
El Salvador
H artm ann , G ., 1962, O stracoden  des E ulitorals, in H artm ann- 
S ch ro d er, G ., and H artm ann, G ., Z u r K enntnis d es E u lito ra ls der 
ch ilen isch en  Pazifikkiiste  und  d e r  K uste S udp a tag o n ien s unter 
b e so n d e re r B erucksich tigung  d e r  Polychaeten und O stracoden : 
H am burg , Z oolog ical M useum  Institu te, M itt., part 3, p. 169-270.
Recent PACIFIC
Chile
H artm ann , G ., 1965, O stracoden  d es  Sublito rals, in H artm ann- 
S ch ro d er, G ., and H artm ann, G ., Z u r K enntnis des E u lito ra ls  der 
ch ilen isch en  Pazifikkiiste  und  d e r  K uste S ud p a tag o n ien s unter 
b e so n d e re r B erucksich tigung  d e r  Polychaeten und O stracoden: 
H am burg , Z oolog ical M useum  Institu te , M itt., part 3 , p. 307-384.
Recent PACIFIC
Chile
H azel, J . E., 1962, T w o new  hem icy therid  ostracods from  th e  low er 
P le is to cen e  o f  C alifornia: Jo u rn a l o f  Paleon to logy , v. 3 6 , p. 822-26.
Pleistocene PACIFIC
California
(southern)
Hazel, J. E ., 1 9 6 6 ,__in A d d ico tt, W . O ., Late P le is to cen e  m arine
p aleo eco lo g y  and zo o g eo g rap h y  in central C alifo rn ia: U. S. 
G eo log ical S u rvey  P rofessional P ap er 523-C , 21 p.
Pleistocene (Late) PACIFIC
California (central)
H azel, J . E., 1971, O stracode b io stra tig rap h y  o f  th e  Y ork tow n  
F o rm atio n  (u p p er M iocene a n d  low er P liocene) o f  V irg in ia  and 
N orth  C aro lina: U nited  S ta tes G eolog ical Survey P ro fessiona l Paper 
704, p . 1-13.
Jp p cr Miocene and Lower 
Pliocene
ATLANTIC 
(N. Carolina and 
Virginia)
H azel, J . E ., 1975, O stracode b io fac ies  in the C ape H a tte ras , North 
C aro lin a , A rea: B ulletin  o f  A m erican  Paleontology, v. 6 5 , n. 282, 
p. 4 6 3 -4 8 7 .
lecent ATLANTIC 
(N. Carolina)
Hazel, J. E ., 1975, Patterns o f  m arin e  ostracode d iv e rs ity  in  the Cape 
H atteras , N o rth  C aro lina  area: Jo u rn a l o f  P a leon to logy , v. 49 , no. 4, 
p. 73 1 -7 4 4 .
ATLANTIC 
North Carolina
(continued)
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H azel, J. E ., 1977, D istribution  o f  so m e  b iostra tig raph ica lly  
d iagnostic  o straco d es in the P lio cen e  o r Lower P le is to cen e  o f  
V irg in ia  a n d  northern  N orth C aro lin a : U nited S tate G eo lo g ica l 
Survey, J. R es., v. 5, no. 3, p. 3 7 3 -3 8 8 .
Pliocene or Lower 
Pleistocene
ATLANTIC 
Virginia and 
northern North 
Carolina
H azel, J. E ., 1983, A ge and co rre la tio n  o f  the Y orktow n (P lio cen e) 
and C ro a tan  (P lio cen e  and P le is to cen e) Form ations at th e  Lee Creek 
M ine, in R ay , C. E ., ed.. G eo lo g y  and  paleontology o f  th e  Lee Creel 
M ine, N orth  C aro lina: S m ithson ian  C ontribu tions to  P a leo b io lo g y , 
no. 53, p. 81 -122 .
Pliocene.
Pleistocene
ATLANTIC
Virginia
H erm , D ., 1967, Faunen-A nalysen  im  m arinen Neogen a n d  Q uartar 
von C hile: U m schau  Wiss. T ech n ., v. 12. no. 67, p. 3 9 0 -3 9 1 .
Neogene and Qua ternary PACIFIC
Chile
H erm , D ., a n d  Paskoff, R ., 1966, N o te  prelim inaire su r Ie T ertra ire  
superieu r d u  C hili C entre-N ord. - B u lle tin  de Soc. G eo l. F rance, 7 
ser., v. 8, p. 760-765 .
Late Ternary PACIFIC
Chile
H erm , D ., a n d  Paskoff, R., 1967, V orsch lag  zur G lied eru n g  des 
m arinen Q u a rta rs  in N ord- und M itte l-C h ile : N. Jb. G eol. Pal. M h., 
v. 10, p. 5 7 7 -5 8 8 .
Quaternary PACIFIC
Chile
H ow e, H. J., an d  H ow e, R. C ., 1975, C entra l G u lf C oast Jack so n ian  
O stracodes in the  H. V. H ow e C o llec tio n : T ransactions, G u lf  C oast 
A ssocia tion  o f  G eological S oc ie ties , v. 25, p. 282-295.
Eocene (Upper) GOM
LA, MS. AL
H ow e, H. V ., 19 3 4 , T he ostracode g en u s Cytherelloidea in the  G u lf  
C oast T ertiary . Journal o f  P a leo n to lo g y , v. 8, no. 1, p. 2 9 -34 .
CYTHERELLOIDEA
Tertiary
GOM
H ow e, H. V ., 1934, Prelim inary  p a leo n to lo g ic  analysis o f  th e  U p p er 
and L ow er C h ickasaw hay  M em b ers o f  the  C atahoula F o rm atio n : 
S hreveport G eo log ical Society, E lev en th  Annual F ie id trip , 
G uidebook , p. 13-17.
GOM
H ow e, H. V ., 1936, O stracoda o f  th e  g enus Eucythere fro m  the 
T ertiary  o f  M ississipp i: Journal o f  Paleontology, v. 10, n o . 2, p. 
143-145.
EUCYTHERE GOM
Mississippi
H ow e, H. V ., 19 5 1, N ew  T ertiary  o s traco d e  fauna from  L ev y  C ounty , 
F lorida: F lo rid a  D epartm ent o f  C onserv a tio n , G eological S u rv ey , 
B ulletin , no . 3 4 , pt. 1, p. 1-43.
Eocene (M - U). 
Pleistocene
GOM
Florida
H ow e, H. V ., 1971, Ecology o f  A m erican  torose Cytherideidae, in 
O ertli, H. J., ed ., Paleoecologie O s traco d es Pau 1970, B u lle tin  
C entre  R ech erch es Pau-SN PA , S u p p lem en t 5, p. 349-359 .
CYTHERIDEIDAE GOM
H ow e, H. V ., a n d  B old, W. A. van d en , 1975, M udlum p O straco d a , 
in Sw ain, F. M ., ed .. B iology an d  P a leob io logy  o f  O s traco d a  (1 9 7 2 ) 
B ulle tins o f  A m erican  Paleon to logy , v. 65 , p. 61-75.
Pleistocene (3) GOM
Louisiana
H ow e, H. V ., an d  C ham bers, J., 1935, L ouisiana Jackson E o cene  
O stracoda: L o u is ian a  D epartm ent o f  C onservation , L o u is ian a  
G eological S u rv ey , Bulletin N o. 5 , 65  p.
Eocene GOM
Louisiana
H ow e, H. V ., an d  G arrett, J. B ., Jr., 1934, Louisiana S ab in e  E ocene 
O stracoda: L o u is ian a  D epartm ent o f  C onservation , L o u is ian a  
G eological S u rv ey , Bulletin N o. 4 , 72  p.
Eocene GOM
Louisiana
H ow e, H. V ., an d  graduate  studen ts, 1935, O stracoda o f  th e  A rea 
Z one  o f  th e  C hoctaw hatchee  M io cen e  o f  Florida: S tate o f  F lo rida , 
D epartm ent o f  C onservation , G eo lo g ica l Bulletin No. 13, 1-47.
diocenc GOM
Florida
H ow e, H. V ., a n d  Law , J., 1936, L o u is ian a  V icksburg O lig o cen e  
O stracoda: L o u is ian a  D epartm ent o f  C onservation , L o u is ian a  
G eolog ical S u rv ey , Bulletin N o. 7, 96  p.
Oligocene GOM
Louisiana
H ow e, R. C ., 1963 , T ype Saline B ay o u  O stracoda o f  L o u is iana : 
D epartm ent o f  C onservation , L o u is ian a  Geological S urvey , 
B ulle tin  N o. 4 0 . 62  p.
Eocene GOM
Louisiana
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H ow e, R. C ., an d  H ow e, H. J., 1973, O stracodes from th e  S h u b u ta  
C lay  (T ertiary) o f  M ississippi: Jo u rn a l o f  Paleontology, v. 4 7 , p. 
629-656.
Eocene (3) - Oligocene (1) GOM
Mississippi
H ow e, R. C ., and  H ow e, H. J., 1975, S p ec ies  determ ination  o f  m olts 
from  the S h u b u ta  C lay o f  M ississipp i in Sw ain, F. M .. ed .. B iology 
and Paleob io logy  o f  O stracoda (1 9 7 2 ): B ulle tins o f  A m erican  
P aleontology, v. 65 . p. 61-75.
Eocene (3) - Oligocene (I) GOM
Mississippi
H uff, W. J., 1970, T he Jackson E o cen e  O stracoda  o f  M ississipp i, 
M ississippi G eolog ical, E conom ic an d  T opographical S urvey , 
B ulletin no. 1 1 4 .2 9 8  p.
Eocene GOM
Mississippi
H ulings, N. C ., 1958, An ecological s tu d y  o f  the R ecent o s traco d s o f  
the  west co as t o f  F lorida  [Ph.D. D isserta tio n ]: Florida S ta te  
U niversity, 2 1 9  p.
Recent GOM
Honda
H ulings, N. C ., 1966, M arine O s traco d a  from  western N. A tlan tic  
O cean o f f  the  V irg in ia  Coast: C h esap eak e  Science, v .7 , n . 1, p .40-56
Recent ATLANTIC
Virginia
H ulings, N. C ., 1967, M arine O s traco d a  from  the w estern no rth  
A tlantic O cean  betw een Cape H a tte ras , N orth  C arolina, an d  Jup iter 
Inlet, F lorida, B ulle tin  o f  M arine S c ien ce , v. 17, no. 3, p. 629-659 .
Recent ATLANTIC 
Virginia, North 
Carolina and 
Honda
H ulings, N. C ., 1967, A review  o f  th e  R ecent m arine p o d o co p id  and 
p latycopid o s traco d s o f  the G u lf o f  M ex ico : C ontribu tions to  M arine 
Science, v. 12, p. 80-100.
Recent GOM
H ulings, N. C ., an d  Puri, H. S., 1964, T h e  eco logy  o f  sh a llo w  w ater 
ostracods o f  th e  w est coast o f  F lo rid a , in Puri, H. S., ed ., O straco d s 
as ecological a n d  paleoecological in d ica to rs : Pubblicazion i de lla  
Stazione Z o o lo g ic a  di Napoli, v. 3 3 , supp lem en t, p. 308-344 .
Recent GOM
Horida
Ishizaki, K., and  G u n ther, F. J., 1974, O straco d a  o f  the  Fam ily  
C ytheruridae from  the G u lf o f  Panam a: Sc ience  R eports o f  the  
T ohoku U niversity , Sendai, Second  S eries  (G eology), v. 4 5 , no . 1, 
p. 1-50.
CYTHERURIDAE
Recent
PACIFIC 
Gulf o f Panama
Ish izak i, K., and G u n ther, F. J., 1976, O straco d a  o f  the Fam ily  
Loxoconchidae from  the G u lf o f  P an am a: Science R eports o f  the 
T ohoku  U niversity , Sendai, Second  S e ries  (G eology), v. 4 6 , no. 1,
p. 11-26.
LOXOCONCHIDAE
Recent
PACIFIC 
Gulf o f Panama
Ju day , C., 1906, O stracoda o f  the S an  D iego  region. I. H alocypridae: 
C alifornia  U n iversity  Publ. Zool., v. 3 ., no. 2, p. 13-38.
Recent PACIFIC
California
Ju day , C., 1907, O stracoda  o f  the S an  D iego  region. II. L ittoral 
form s: C alifo rn ia  U niversity  Publ. Z o o l., v. 3., no. 9, p. 133-156.
Recent PACIFIC 
California (San 
Diego)
K aesler, R. L, 1966, Q uantitative re -ev a lu a tio n  o f  ecology and  
d istribu tion  o f  R ecen t Foram inifera an d  O stracoda o f  T o d o s S an tos 
Bay, Baja C a lifo rn ia , M exico: T he U n iv e rs ity  o f  Kansas 
Pa leontological C ontributions, P ap e r 10, 1-50..
Recent PACIFIC 
Baja, CA
K ane, H. E., 1961, T h e  ostracodes o f  S ab in e  Lake and S ab ine  Pass, 
T exas and L o u is ian a  and the n earsh o re  a rea  o f  the G u lf o f  
M exico: Journal o f  Paleontology, v. 3 5 , p. 298.
Recent GOM
Texas
K ane, H. E., 1967, R ecent m icrofaunal b iofacies in Sabine L ake and 
environs, T exas an d  Louisiana: Jo u rn a l o f  Paleontology, v. 41 , p. 
947-964.
Recent GOM
Texas
K eij, J., 1954, O stracoda: Identification  and  descrip tion  o f  spec ies, in 
van Andel, T .J., an d  Postm a, H., e d s .. R ecen t sedim ents o f  the  G u lf  
o f  Paria: R eports o f  the O rinoco S h e lf  expedition , V olum e 1: 
Am sterdam , N orth-H olland  P ub lish in g  C om pany , p. 218-245 .
Recent CARIBBEAN 
Gulf o f Paria
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K eith , D. E ., and H ulings, N. C ., 1965, A quantitative stu d y  o f  
se lected  nearshore  infauna betw een Sabine Pass and B o livar Point, 
T exas: Institu te o f  M arine Science, U niversity  o f  T exas, v. 10, p. 33 
40.
Recent GOM
Texas
K eyser, D., 1975, O stracoden aus den M angrovegebieten  von 
Sudw est-F lo rida  (Crustacea: O stracoda, Podocopa). A bh. Verh. 
naturw iss. V er. H am burg, 18/19: 255-290.
Recent GOM
Florida
K eyser, D ., 1975, O stracods o f  th e  m angroves o f  sou th  F lorida, their 
eco logy  and b iology, in Sw ain , F. M ., ed., B iology and 
Pa leob io logy  o f  O stracoda (1972): B ulletins o f  A m encan  
Paleonto logy , v. 65, p. 489-499.
Recent GOM
Flonda
K eyser, D ., 1977, B rackw asser-C ytheracea aus S ud-F lorida 
(C rustacea: O stracoda, Podocopa). A bh. Verh. naturw iss. Ver. 
H am burg, 20: 43-85.
Recent GOM
Florida
K eyser, D ., 1978, Ecology and zoogeography  o f  recent b rack ish - 
w a ter O stracoda  (C rustacea) from  south-w est Florida: S ix th  
In ternational O stracod Sym posium , Saalfelden, p. 207-222 .
Recent GOM
Florida
K ing , C. E., and  K om icker, L. S., 1970, O stracoda in T exas Bays and 
Lagoons: An ecologic study: Sm ithsonian  C ontributions to  
Z oology , v. 24, p. 1-92.
Recent GOM
Texas
K lie, W ., 1933, S u ss-u n d  B rackw asser-O stracoden von B onaire, 
C u rasao  und A ruba: Z oo log isches Jahrbuch , v. 64 , 369-390 .
Recent CARIBBEAN 
Bonaire, Curasao 
und Aruba
K lie, W ., 1939, O stracoden aus den  m arinen Saiinen von B onaire, 
C uracao  und A ruba: C ap ita  Z oolog ica, v. 8, no. 4, p. 1-19.
Recent CARIBBEAN 
Bonaire, Curacao 
and Aruba
K ontrov itz , M ., 1971 , O stracoda o f  the  central L ouisiana con tinenal 
sh e lf  (Ph.D . D issertation]: N ew  O rleans, Louisiana, T u lane  Univ.
Recent GOM
Louisiana
K ontrov itz , M ., 1971, A new  H olocene species o f  Echinocythereis 
(O stracoda): T u lane  S tudies in G eo logy  and Paleontology, v. 8, n. 3
p. 166-168.
ECHINOCYTHEREIS
K ontrov itz , M ., 1976, O stracoda from  the  Louisiana continental 
shelf: T u lane  S tud ies in G eology  and  Paleontology, v. 12, no. 2, p. 
4 9-100 .
Recent GOM
Louisiana
K ontrov itz , M ., 1978, H olocene ostracoda  from  G reat Bay, N ew  
Jersey, U nited States: R evista Espafiola de M icropaleontologia , v. 
10, no. l , p .  27-46.
Recent ATLANTIC 
N. Jersey
K ontrov itz , M ., 1978, A P le is tocene ostracode fauna from  South  
F lorida: T u lane S tudies in G eo logy  and Paleontology, v. 14, no. 4, 
p. 135-159.
Pleistocene GOM
Florida
K om ick er, L. S., 1958, E cology and  taxonom y o f  R ecent M arine 
O stracodes in the  Bim ini A rea, G reat B aham a Bank, In stitu te  o f  
M arine Science, T exas, v. 4 , p. 194-300.
Recent ATLANTIC
Bahama
K o m icker, L. S., 1959, D istribution  o f  the ostracode su b o rd er 
Cladocopa, and  a  new  species from  the  Baham as: 
M icropaleon to logy , v. 5, p. 69-75.
CLADOCOPA ATLANTIC
Bahama
K om icker, L. S., 1961, Ecology and taxonom y o f  R ecent Bairdiinae 
(O stracoda): M icropaleonto logy , v. 7, no. 1, p. 55-70.
BAIRDIINAE
K o m icker, L. S., 1963, Ecology and  classification o f  B aham ian 
Cytherellidae (O stracoda): M icropaieontology, v. 9, no. 1, p . 61-70.
CYTHERELLIDAE ATLANTIC
Bahama
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K om icker, L. S ., 1964, Ecology o f  O s tra c o d a  in the  no rth w estern  par 
o f  the Great B ah am a  Bank: in Puri, H . S ., ed ., O stracods as 
ecological and  paleoecologica! in d ica to rs : Pubblicaz ion i d e lla  
S tazione Z o o lo g ica  di N apoli, v. 33 , su p p lem en t, p. 3 4 5 -360 .
Recent ATLANTIC
Bahama
K om icker, L. S ., 1964, A  seasonal s tu d y  o f  liv ing O straco d a  in a  
T exas B ay (R ed fish  B ay) adjo in ing  th e  G u lf  o f  M exico: in P u ri, H. 
S ., ed., O straco d s as ecological and  p a leo eco lo g ica l ind icators: 
Pubblicazioni d e lla  S tazione  Z o o lo g ica  d i N apoli, v. 33, 
supplem ent, p. 4 5 -6 0 .
Recent GOM
Texas
K om icker, L. S ., 1967, A  study o f  th ree  sp e c ie s  o f  Sarsiella 
(O stracoda: M y o docopa): P roceed ings o f  th e  U nited S ta tes  National 
M useum , v. 122, no. 3594 , p. 1-46.
SARSIELLA
K om icker, L. S ., 1967, Supp lem en tary  d esc rip tio n  o f  the 
m yodocopid o s traco d  Euphilomedes multichelaia from  th e  G reat 
B aham a Bank: P ro ceed in g s o f  the  U n ited  S ta tes  N ational M useum , 
v. 120, no. 3 5 6 6 , p. 1-16.
EUPHILOMEDES ATLANTIC
Bahama
K om icker, L. S ., 1968, B athyal Myodocopid o stracoda  from  the 
northeastern  G u lf  o f  M exico: P ro ceed in g s  o f  the  B io log ical Society  
o f  W ashington, v. 81, p. 439-472.
MYODOCOPID GOM
northeastern
K om icker, L. S., an d  K ing, C. E., 1965, A  n ew  species o f  
lum inescent O s traco d a  from  Jam aica, W es t Indies: 
M icropaieonto logy , v. 11, p. 105-110.
VARGULA CARIBBEAN
Jamaica
K om icker, L. S., a n d  W ise, C . D., 1960, S o m e env ironm ental 
boundaries o f  a  m arin e  ostracode: M icro p aieo n to lo g y , v. 6, p. 393- 
398.
K om icker, L. S., an d  W ise, C . D., 1962, Sarsiella (O stracoda) in 
T exas bays and  lag o o n s: C rustaceana. v. 4 , pt. I , p. 57-74.
SARSIELLA GOM
Texas
K rutak , P. R., 1961, Jackson  Eocene O s tra co d a  from  the C o c o a  Sand 
o f  A labam a: Jo u rn a l o f  Paleon to logy , v. 3 5 , p. 769-788.
Eocene GOM
Alabama
K rutak, P. R., 19 7 1, T he R ecent O s tra co d a  o f  L aguna M and inga, 
V eracruz, M ex ico : M icropaieonto logy , v. 17, no. l , p .  1-30.
Recent GOM
Mexico
K rutak , P. R., 1972, S om e re la tionsh ips b e tw een  gram  size  o f  
substra te  and ca rap ace  size  in m odem  b rack ish -w a te r O stracoda: 
M icropaieonto logy , v. 18, 153-159.
K rutak , P. R., 1977, C hange  in o stracod  s ta n d in g  crop. L aguna  
M andinga, V eracruz , M exico: A m erican  A ssocia tion  o f  P e tro leu m  
G eologists, S tu d ies  in G eology, No. 4 , p. 209-218 ..
Recent GOM
Mexico (Veracruz)
K rutak , P. R., 1982, M o d em  ostracodes o f  th e  V eracruz-A nton  
L izardo reefs, M ex ico : M icropaieon to logy , v. 28, no. 3, p. 258  - 
288.
Recent GOM
Mexico (Veracruz)
K rutak , P. R., and G io -A rgaez , R., 1994, E co lo g y , taxonom y and  
d istribu tion  o f  d o m in an t ostracode tax a  in m o d em  carbonate  
sedim ents, no rth eastern  Y ucatan Shelf, M ex ico :R ev is ta  M ex ican s  
de  C iencias G eo lo g icas , v. 11, no. 2, p. 193-212.
Recent GOM
Mexico (Yucatan 
Shelf)
K rutak, P. R.. and  R ick ies, S. E., 1979. E q u ilib riu m  in m o d em  coral 
reefs, w estern G u lf  o f  M exico  - R ole o f  e co lo g y  and o straco d  
tn icrofauna: G u lf  C oast A ssociation  o f  G eo lo g ica l Societies. 
T ransactions, v. 2 9 . p. 263-274.
Recent GOM
western
K rutak , P. R., R ick ies, S. E., and G io -A rgaez , R ., 1980, M o d em  
ostracod species d ivers ity , dom inance, a n d  b io fac ies patterns: 
veracrus-A nton L izardo  R eefs, M exico: A n C en tro  C ienc. de l M ar 
y L im nol., U n iv ersid ad  N acional A u to n o m a  de  M exico, v. 7 , no.
2, p. 181-198.
Recent GOM
Mexico
(continued)
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L aurencich , L., 1969, Som e O stracoda  from  the  A lazan Form ation , 
M exico: M icropaieonto logy , v. 15, no. 3, p. 493 - 503.
Oligocene GOM
Mexico
L eR oy, L. W., 1943, P le is tocene and  P liocene O stracoda o f  the  
coastal region o f  Southern  C alifo rn ia: Jo u rna l o f  Paleontology, v. 
17, no. 4 , p. 354-373 .
Pliocene - Pleistocene PACIFIC
California
(southern)
LeR oy, L. W ., 1943, Nam e rev isions o f  som e Tertiary o stracodes: 
Journal o f  P a leon to logy , v. 17, p. 629.
Tertiary PACIFIC
California
(southern)
L eR oy, L. W ., 1945, A con tribu tion  to  ostracodal ontogeny: Jo u rna l 
o f  Paleon to logy , v. 19. p. 81-86.
L eR oy, D. O ., 1964, T w o  new  liv ing  spec ies o f  Saipanetta  
(Podocopida, O stracoda): C rustaceana, v. 2 3 , p. 28-42.
SAIPANETTA
L eR oy, D. 0 . ,  an d  L evinson, S. A ., 1974, A deep-w ater P le is tocene  
m icrofossil a ssem blage  from  a  well in the  northern  G u lf o f  M exico: 
M icropaieon to logy . v. 20, no. I. p. 1-37.
Pleistocene GOM
northern
L lano  Garcia, M ., 1978, Los ostracodos de  la  B ahia de C artagena, 
descripcion , d is trib u c io n , y  re lacion  con param etros m edia 
am bientales [M .S . thesis]: U niversidad  Jo rg e  T adeo Lozano, 
B ogota, C olom bia. 80  p.
Recent CARIBBEAN 
Columbia (Bahia de 
Cartagena)
L ubim ova, P. S ., an d  S anchez-A rango , J. R ., 1974, Los ostracodos 
del C retacico  S u p e rio r  y del T erciario  de  C uba: Instituto C u b an o  de  
L ibro , La H abana , p. 1-171.
Cretaceous to Tertiary CARIBBEAN
Cuba
L ucas, V. Z ., 1931, Som e O stracoda  o f  the  V ancouver Island reg ion : 
C ontribu tions to  C anadian  B iol, and  F isheries, v. 6, new series, no . 
17, p. 399-416.
Recent PACIFIC
Vancouver, British 
Columbia
L yon, S. K., 1988, B iostratig raph ic  and paleoenvironm ental 
in terpreta tions from  late P le is tocene O stracoda, C harleston, South  
C arolina: U nited  S ta tes G eological Su rvey  Professional P aper 1367- 
D , p. 1-48.
Pleistocene (Late) ATLANTIC 
S. Carolina
M achain  C astillo , M . L., 1989 , O stracode A ssem blages in the  
Southern  G u lf  o f  M exico: an overv iew . An. Inst. Ceinc. del M ar y 
Lim nol. Univ. N al. A uton, M exico  16(1): 119-134.
Recent GOM
Mexico
M achain-C astillo , M . L., ____ , P liocene ostraco d a  o f  southeastern
M exico. Part I. E ncan to  and C o ncepcion  b iofacies: Rev. Soc. 
M ex. Hist. N at., U niversidad  N acional A u to n o m ad e  M exico, 
Institu to  de C ien c ias  del m ar y  L im nologia, v .38, 139 p.
Pliocene GOM
Mexico
(Southeastern)
M achain -C astillo , M . L., 1986, O stracode  b iostratig rphy  and 
paleoeco logy  o f  th e  P liocene o f  the  Isthm ian  salt basin, V eracruz, 
M exico: T ulane S tu d ies in G eology  and  Paleonto logy , v. 19, no. 
3 /4 , p. 123-139.
Pliocene GOM
Mexico (Veracruz)
M achain-C astillo , M . L., Perex-G uzm an, A. M ., and M addocks, R. F ., 
1990, O stracoda o f  the  terrigenous con tinen ta l platform  o f  the  
sou thern  G u lf o f  M exico, in W hatley , R. C ., and  M aybury, C ., eds., 
O stracoda  and g lobal events: C hapm an & H all, London, p. 341-53 .
Recent GOM
Mexico
M addocks, R. F., 1969, R evision o f  R ecen t Bairdiidae (O stracoda): 
B ulle tin  o f  the  U n ited  States N ational M useum , v. 295, 126 p.
BAIRDIIDAE
M addocks, R. F., 1972, Tw o n ew  liv ing spec ies o f  Saipanetta 
(O stracoda, P odocopida): C rustaceana, v. 2 3 , part 1, p. 28-42.
SAIPANETTA PACIFIC - 
Galapagos; GOM 
Flower Garden
M addocks, R. F., 1973, Z enker's organ and new  species o f  
Saipanetta (O stracoda): M icropaieon to logy , v. 19, n. 2, p. 193-208.
SAIPANETTA
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M addocks, R. F., 1974, O straco d es, in B right, T. S., and P eq u eg n at, 
L. E ., eds.. B io ta  o f  the  W est F lo w er Bank: G u lf P u b lish ing  C o., 
H ouston , p. 199-229.
Recent GOM
Texas
(Flower Garden)
M alkin, D. S., 1953, B iostra tig raph ic  s tu d y  o f  M iocene O straco d a  o f  
New  Jersey , M aryland and V irg in ia : Journal o f  Paleon to logy , v. 27, 
no. 6, p. 761-799.
Miocene ATLANTIC 
New Jersey, 
Maryland and 
Virginia
M anning , E. M ., 1985, E cology  o f  R ecen t Foram inifera and  
O stracods o f  the  con tinen ta l s h e lf  o f  sou theastern  N icaragua [M .S. 
thesis l: L ouisiana S tate U niversity , B aton  R ouge, LA, 461 p.
Recent CARIBBEAN
Nicaragua
M arianos, A. W ., and  V alentine, J . W ., 1958, Eocene O straco d e  
fauna from  M arysville  B uttes, C a lifo rn ia : M icropaieon to logy , v. 4, 
p. 363-372 .
Eocene PACIFIC
California
M artin, J . B., 1939, C la ib o m e  E o cen e  species o f  the ostrco d e  g enus 
Cvtheropteron: Journal o f  P a leon to logy , v. 13, no. 2. p. 176-182 .
CYTHEROPTERON
Eocene
GOM
M cK enzie , K. G ., 1965, M yod o co p id  O stracoda  (C yprid inacea) from  
Scam m on L agoon, B aja C a lifo rn ia , M exico , and their e co lo g ic  
associations: C rustaceana, v. 9, no. 1, p. 57-70.
CYPRIDINACEA
Recent
PACIFIC 
California (Baja)
M cK enzie , K. G ., and Sw ain, F. M ., 1967, R ecent O stracoda from  
Sam m on L agoon, B aja  C a lifo rn ia : Jou rna l o f  Paleontology, v. 41 , 
no. 2, p. 281-305.
Recent PACIFIC 
Baja California, 
Mexico
M cLean, J. D ., Jr., 1947, O lig o cen e  an d  L ow er M iocene m ic ro fo ss ils  
from  O n slo w  C ounty , N orth  C aro lina : A cadem y o f  N atural 
Sciences, Ph ilade lph ia  N o tu lae  N aturae , v. 200, p. 1-9.
Oligocene - Lower Miocem ATLANTIC 
N. Carolina
M cLean, J. D ., Jr., 1957, T h e  O stra co d a  o f  the Y orktow n F o rm atio n  
in the Y ork-Jam es Pen insu la  o f  V irg in ia , w ith notes on the  
assoc ia ted  m ollusks: B ulle tins o f  A m erican  Paleontology, v. 3 6 , no. 
167, p. 57-103.
ATLANTIC
Virginia
M cLean, J. D., Jr., 1966, M io cen e  and  P le is tocene F oram in ifera  and 
O straco d a  o f  sou theastern  V irg in ia : V irg in ia  D epartm ent o f  
C onserva tion  and E conom ic D evelopm en t, R eport o f  In v estiga tions 
9, 123 p.
Miocene and Pliocene ATLANTIC
Virginta
M orales, G . A ., 1965, E cology, d is trib u tio n , and taxonom y o f  R ecen t 
O stracoda  o f  L aguna de T erm inos, C am peche, M exico [P h .D . 
d isserta tion ]: B aton R ouge, L o u is ian a  S ta te  University, 207  p.
Recent GOM
Mexico
M orales, G . A ., 1966, Ecology, d is tr ib u tio n , and taxonom y o f  R ecen t 
O stracoda  o f  the  L aguna de  T erm in o s, C am peche, M exico: 
U niversidad  N acional A u to n o m a de  M exico , Instituto de G eo lo g ia , 
B oletin  81: 103 p.
Recent GOM
Mexico
(Campeche)
M orin, J. G ., and C ohen , A. C ., 1988, T w o new  lum inescent 
o stracodes o f  the  genus Vargula (M yodocopida: C yprid in idae) from  
the San B ias region o f  Panam a: Jo u rn a l o f  C rustacean B ology , v. 8, 
no. 4 , p. 620-638 .
VARGULA
Recent
CARIBBEAN
Panama
M orkhoven, F. P. C. M. van, 1958, O n the  valid ity  o f  the o s traco d e  
genera Glyptobairdia and Bairdoppilata: Journa l o f  P a leon to logy , 
v. 32: 366-368 .
GLYPTOBAIRDIA
BAIRDOPPILATA
M uller, G . W ., 1895, D ie O stracoden : H arvard  M useum  C om p. 
Z oology, B ulle tin , v. 27, no. 5, p . 155-169.
PACIFIC
M urray, G . E ., Jr., 1938, C la ib o m e  E ocene species o f  the o s traco d e  
genus Loxoconcha: Journal o f  P a leo n to lo g y , v. 12, no. 6 , p . 5 8 6 - 
595.
LOXOCONCHA
Eocene
GOM
(continued)
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* M urray , G. E ., Jr., and H ussey , K. M , 1942, S o m e  T ertia ry  O stracod; 
o f  the  g en u s Alatacythere an d  Brachycythere: Jo u rn a l o f  
P a leon to logy , v. 16, no. 2, p . 164-182.
ALATACYTHERE
BRACHYCYTHERE
“ N eal, R. E., 1974, Paraeco logy  o f  H olocene O stra co d a  in the  
n o rthw estern  G u lf  o f  M ex ico  [M .S. thesis]: B a to n  R ouge, 
L ou isiana , Louisiana S ta te  U niversity , 137 p.
Recent GOM
northwestern
O hm ert, W ., 1968, D ie Coquimbinae, eine n eu e  u terfam ilie  de r 
h em icy theridae  (O straocda) au s dem  P liocan v o n  C hile: 
M itte ilungen  B ayerischen S taatssam m lung , P a lao n to lo g ie , 
H isto risch  G eologie, v. 8, p. 127-165.
COQUIMBINAE
Pliocene
PACIFIC
Chile
O hm ert, W ., 1971, D ie O stracodengattungen  Palociosa an d  Caudites 
aus d em  P liocan  von C hile : M itte ilungen  B ay erisch en  S taa tssam m k  
P alao n to lo g ie , H istorisch G eo log ie , v. 11, p. 8 7 -1 1 6 .
PALACIOSA
CAUDITES
Pliocene
PACIFIC
Chile
P lusquellec , P. L., and S an dberg , P. A., 1969, S o m e  g en era  o f  the 
o straco d e  subfam ily  Campylocytherinae: M ic ro p aleo n to lo g y , v. 15, 
p. 4 2 7 -4 8 0 .
CAMPYLOCYTHERINAi
Poag , C. W ., 1971, Age, b io stra tig rap h y  and p a le o ec o lo g y  o f  the 
C h ick asaw h ay  Form ation, A labam a and M iss issip p i, w ith em phasis 
on  o straco d es and p lank ton ic  foram inifers [P h .D . d isse rta tio n ]: N ew  
O rleans, T u lan e  U niversity , 359  p.
GOM
Poag , C. W ., 1972, New o straco d e  species from  th e  C h ickasaw hay  
Form ation  (O ligocene) o f  A lab am a and M iss issip p i: R ev ista  
E sp an o la  d e  M icropaleon to log ia , v. 4, no. I , p. 65 -9 6 .
Oligocene GOM
Alabama and 
Mississippi
Poag, C. W ., 1974, Late O lig o cen e  ostracodes fro m  th e  U n ited  S ta tes 
G u lf  C oasta l Plain: R evista  E spano la  de  M ic ro p a leo n to lo g ia , v. 6, 
no. 1, p. 39-74 .
Late Oligocene GOM
P o rk o m y , V ., 1968 
, Baltraella baltraensis gen. n ., sp . n. (B y tho cy th erid ae , O stracoda) 
from  R ecen t deposits o f  th e  G alapagos Islands: C as. m in. geo l., v. 
13, p. 38 5 -3 9 0 .
BALTRAELLA
Recent
PACIFIC 
Galapagos Islands
Po k o m y , V ., 1968, Havanardia g. nov., a  new  g e n u s  o f  th e  B airdiidae 
(O straco d a , C rust.): V estn ik  U stredniho U stavu G eo lo g ick h el, v. 53 
no. 1, 6 0 - 64.
HAVANARDIA
P o k o m y , V ., 1968, Radimella g. nov., a  new  g en u s  o f  the
H em icy th erin ae  (O stracoda, C rust.): Acta U n iv ersita tis  C aro linae, 
G eo lo g ica  N o. 4 , p. 359-373 .
RADIMELLA
P o k o m y , V ., 1969, The G enus Radimella P o k o m y , 1969 (O stracoda , 
C rustacea) in  the  G alapagos Islands: A cta U n iv ersita tis  C aro linae  - 
G eo lo g ica , v. 4 , p. 293-334.
RADIMELLA PACIFIC
Galapagos
P o k o m y , V ., 1970, The G enus Caudites C oryell a n d  F ie lds, 1937 
(O straco d a , C rustacea) in th e  G alapagos Islands: A c ta  U niversita tis 
C aro lin ae  - G eologica, v. 4 , p . 267-302.
CAUDITES PACIFIC
Galapagos
P o oser, W . K ., 1965, B iostratig raphy  o f  C cnozo ic  O s traco d a  from  
S o u th  C a ro lin a , U niversity  o f  K ansas, P a leo n to log ical 
C o n trib u tio n s , no. 38 (A rh tro p o d a , no. 8), 80  p.
Cenozoic ATLANTIC 
S. Carolina
P o u lsen , 1965, O stracoda Myodocopa Part I, C y p rid in ifo rm es- 
R u tiderm atidae , Sarsiellidae and  A steropidae: D an a-R ep o rt N o. 65, 
C o p en h ag en , A ndr, Fred H o st and Son.
MYODOCOPA
P o u lsen , E. M ., 1962, O straco d a  Myodocopa Part I, C y p n d in ifo rm es- 
C yprid in id ae : D ana-R eport N o . 57, C openhagen , A ndr, F red  Host 
and  Son .
MYODOCOPA
P uri, H. S ., 1952, O stracoda g en era  Cytheretta an d  Paracytheretta in 
A m erica: Jo u rn a l o f  P a leon to logy , v. 26, p. 199-212.
CYTHERETTA 
3 ARACYTHERETT a
(continued)
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Puri, H. S ., 1953, T he ostracode g en u s  Hemicythere an d  its allies: 
Journal o f  th e  W ashington A cad em y  o f  Sciences, v. 4 3 , no. 6, p. 
169-179.
HEMICYTHERE
Puri, H. S ., 1953, T he ostracode g e n u s  Trachyleberis and  its a lly  
Actinocvthereis: Am erican M id . N at., v. 49, no. 1, p . 171-181.
TRACHYLEBERIS
acttnocythereis
Puri, H. S ., 1953, C ontribution  to  the  study  o f  th e  M io c en e  o f  the  
F lorida P a n h an d le , Part 3, O s traco d a ; Florida G e o lo g ica l Survey, 
B ulletin  36 , p. 216-345 [19541.
Miocene GOM
Florida
Puri, H. S ., 1956, Tw o new T ertia ry  O stracode g e n e ra  from  Florida: 
Journal o f  Paleon to logy , v. 30 . n o . 2 , p. 274-277.
Tertiary GOM
Florida
Puri, H. S., 1957, S tratigraphy a n d  zonation  o f  th e  O c a la  g roup . Part 
3 , O stracoda: F lo rida  G eological Survey, B ulle tin  3 8 , p. 185-248.
GOM
Honda
Puri, H. S ., 1958, O stracode g en u s  Cushmanidea: G u lf  C oast 
A ssoc ia tion  o f  G eological S oc ie ties , T ransac tions, v. 8. p: 17 1 -1 8 1.
CUSHMANIDEA
Puri, H. S ., 1958, O stracode su b fa m ily  Cytherettinae: G u lf  C oast 
A ssocia tion  o f  G eological S oc ie ties , T ransactions, v . 8. p; 183-195.
CYTHERETTINAE
Puri, H. S ., 1960, R ecent O straco d a  from  the w est c o a s t o f  Florida: 
G u lf  C oast A ssoc ia tion  o f  G eo lo g ica l Societies, T ran sac tio n s , v. 10, 
p . 107-149.
Recent GOM
Flonda
P u ri, H. S., an d  H ulings, N. C ., 1957, R ecent o s tra co d e  facies from  
Panam a C ity  to  F lorida Bay A rea: G u lf  C oast A sso c ia tio n  o f  
G eological S o c ieties , T ransac tions, v. 7, p. 167-190.
Recent GOM
Florida
R afle, M. A ., 19 7 6 , B athym etry o f  R ecen t m arine o s tra co d e s  o f f  the  
coasts o f  M ississipp i and A labam a [M .S . thesis]: W ash in g to n  
U niversity , S t. L ouis , M issiouri.
Recent GOM
Mississippi and 
Alabama
R am irez, M . V ., 1980, C o n tribucion  al conocim ien to  d e  los 
o stracodos d e  las islas del R osario  [M .S . thesis]: U n iv e rsid ad  Jo rge  
T adeo L ozano , B ogota, C olom bia , 91 p.
Recent CARIBBEAN
Columbia
R am irez  C astilla , M . R., 1983, C o n trib u c io n  al c o n o c im ie n to  de  los 
ostracodos (A rth o p o d a  - C rustacea) actuates de  la p la ta fo rm a  
continen tal fren te  a  Tio H acha y  su  re lacion  co n fac to re s  de l m edio  
am bien te  [M .S . thesis]: U niversidad  Jo rge  T adeo L o zan o , B ogota, 
C olom bia, 91 p.
Recent CARIBBEAN
Columbia
R odriguez, L ., 1969, Pliocene m arin e  ostracodes fro m  th e  P laya 
G rande F o rm atio n , north-central V enezuela , S ou th  A m erica: 
A ssocia tion  V enezo lan a  G eolog ia , M ineralogie, a n d  Petro leum , 
B oletin  in fo rm al, v. 12, no. 6, p . 153 -  213.
Pliocene CARIBBEAN
Venezuela
north-central
R othw ell, W . T ., Jr., 1948, D istrib u tio n  o f  living o s tra co d s ., N ew port 
Bay, C alifo rn ia : G eological S o c ie ty  o f  A m erica B u lle tin , v. 59 , n.
12, pt. 2, p. 1380-1381.
Recent PACIFIC
California
R othw ell, W. T ., 1949, P relim inary  re p o rt on O s tra co d a  in bo ttom  
sam ples an d  c o re s  o f  the  n o rth eastern  G u lf  o f  M ex ico : G eolog ical 
Society  o f  A m erica  Bulletin, v. 6 0 , no . 12, p. 1918 (ab s trac t)
Recent GOM
northeastern
Sandberg , P. A ., 1964, N otes on  so m e  T eritary  a n d  R e ce n t b rack ish- 
w a ter O stracoda: in Puri, H. S ., ed ., O stracods as e co lo g ica l and 
paleoeco log ical indicators: in P u ri, H . S ., ed., O s tra co d s  as 
eco log ical a n d  paleoecological in d ica to rs: P u b b licaz io n i d e lla  
S tazione Z o o lo g ic a  di N apoli, v. 3 3 . supplem ent, p. 4 9 6 -5 1 4 .
Tertiary and Recent GOM.
CARIBBEAN
ATLANTIC
Sandberg , P . A ., 1964, L arva-adult re la tionsh ips in so m e  sp ec ies  o f  
the  ostracode  g en u s Haplocytheridea: M ic ro paleon to logy , v. 10, p. 
357-368.
HAPLOCYTHERIDEA
S andberg , P . A ., 1964, T he o straco d e  genus Cyprideis in  the  
A m ericas, S to ck h o lm  C o n tribu tions to  G eology, v. 12, p. 1-178.
CYPRIDEIS
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Sandberg, P. A ., 1966, The m o d em  ostracode  Cyprideis bensoni, nev 
species. G u lf  o f  M exico, an d  C. castiis, Baja, C alifo rn ian ,: Journal 
o f  P a le tono logy , v. 4 0 ,4 4 7 -4 4 9 .
CYPRIDEIS GOM
Sexton, J. V ., 1951, T he o s traco d e  Cytherelloidea in N orth Am erica: 
Journal o f  Paleon to logy , v. 2 5 . no. 6 , p. 808-816.
CYTHERELLOIDEA
Skogsberg, T ., 1928, S tudies o n  m arine  ostracodes: Part II. External 
m orphology  o f  the  genus C y th ere is  w ith desc rip tio n s o f  tw enty-one 
new  species: C a lifo rn ia  A cad em y  o f  Science., O ccassional Papers, 
v. 15, p. 1-155.
CYTHEREIS PACIFIC
California
(Monterey
Peninsula)
Skogsberg, T ., 1950, Tw o n ew  sp ec ies  o f  m arine  O stracoda  
(Podocopa) from  C alifornia: C a lifo m a  A cadem y o f  Science, 
O ccassional P ap ers, series 4, v. 26, no . 14, p. 483-505 .
PODOCOPA PACIFIC
California
(Monterey
Peninsula)
Sm ith, V. Z ., 1952, Further O s traco d a  o f  the V an co u v er Island region 
C anada, F ish e ries  Research B o ard , Jou rna l, v. 9 , no . 1, p. 16-41.
PACIFIC
Vancouver. British 
Columbia
Stadnichenko, M . M ., 1927, T h e  F oram in ifera  and O straco d a  o f  the 
m arine Y egua  o f  the  type sec tio n s: Journal o f  P a leon to logy , v. 1, no 
3, p. 221-243 .
Eocene GOM
Texas (east)
Steineck, P. L ., 1981, U pper E o cen e  to  M iddle  M iocene  ostracode 
faunas and p a leo -o cean o g rap h y  o f  th e  N orth C oastal B elt, Jam aica, 
W est Ind ies: M arin e  M icropaleon to logy , v. 6 , p. 339-366 .
Upper Eocene to Middle 
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